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Construction  of  both  the  Oakland  Outer  Harbor  Deepening  Project  and  the 
Oakland  Inner  Harbor  Deepening  Project  were  authorized  by  the  Water  Resources 
Development  Act  of  1986,  99th  Congress,  2nd  Session,  Public  Law  99-662 
(U.S.  Army  Corps  of  Engineers  (USACE)  1987).  Modifications  to  the  authorized 
plan  were  made  in  1987  to  reduce  the  amounts  of  material  dredged  to  2 . 8  and 
3.7  million  cubic  yards  for  the  Oakland  Outer  Harbor  and  the  Oakland  Inner 
Harbor,  respectively  (USACE  1987). 

Sediments  in  Oakland  Inner  and  Outer  Harbors  were  sampled  and  tested  in 
1987-1988  to  evaluate  the  potential  for  impacts  during  disposal  operations  at 
the  proposed  Alcatraz  disposal  site.  All  material  was  found  to  be  suitable 
for  unrestricted  open-water  disposal,  except  samples  collected  from  the  turn¬ 
ing  basin  area  of  the  Oakland  Inner  Harbor.  The  turning  basin  sediments  were 
determined  to  be  unsuitable  for  unrestricted  open-water  disposal  by  a  joint 
USACE  and  U.S.  Environmental  Protection  Agency  (EPA)  Technical  Review  Panel  in 
May  1988,  and  were  evaluated  in  1989-1991  by  Lee  et  al.  (1992)  for  upland 
disposal.  The  remaining  Oakland  Inner  and  Outer  Harbor  sediments,  while  suit¬ 
able  for  open-water  disposal  in  1988,  were  retested  in  1990-1991  and  evaluated 
for  all  disposal  alternatives  of  open-water  disposal,  wetland  creation,  and 
upland  disposal. 

The  U.S.  Army  Engineer  Waterways  Experiment  Station  was  asked  to  assist 
in  the  evaluation  of  the  two  alternatives,  wetland  creation  and  upland  dispo¬ 
sal  ,  for  the  remaining  sediments  from  Oakland  Inner  and  Outer  Harbors . 

Franc ingues  et  al.  (1985)  and  Lee  et  al.  (1991)  described  the  Corps'  Manage¬ 
ment  Strategy  for  Disposal  of  Dredged  Material,  in  which  a  sediment  is  tested 
and  evaluated  for  potential  disposal  site  environments,  including  aquatic, 
wetland,  and  upland.  These  test  protocols  are  included  in  USACE/EPA  (1992) 
and  were  used  in  the  present  evaluation  to  determine  the  potential  for  migra¬ 
tion  of  contaminants  into  effluent,  surface  runoff,  leachates,  plants,  and 
animals  under  upland  disposal  conditions.  The  evaluation  of  wetland  creation 
with  these  sediment  is  the  subject  of  another  report  (Lee  et  al.  1993)  and  the 
open-water  testing  was  conducted  by  Battelle/Marine  Science  Laboratory  at 
Sequim,  WA. 

One  composite  sediment  from  Oakland  Inner  Harbor  and  from  Oakland  Outer 
Harbor  was  tested.  The  composite  sample  consisted  of  sediment  cores  taken 
from  the  mud  line  to  44-ft  depth.  Both  Oakland  Harbor  sediments  had  clayey 


1 


sand  textures.  Total  organic  carbon  (TOC)  concentrations  in  sediment  from 
Oakland  Inner  and  Outer  Harbors  were  3,364  and  6,042  mg/kg. 

Metal  concentrations  in  Oakland  Inner  and  Oakland  Outer  Harbor  sediments 
were  compared  to  the  Twitchell  Island  soil  concentrations  from  a  previous 
evaluation.  Most  of  these  metals  are  not  unusually  elevated,  but  chromium  and 
lead  in  both  Oakland  Inner  and  Outer  Harbor  sediments  appear  to  be  higher  than 
the  chromium  and  lead  at  Twitchell  Island  and  in  the  levee  soils  collected 
from  Twitchell  Island. 

Butyltin  concentrations  in  Oakland  Inner  and  Outer  Harbor  sediments 
appeared  to  be  elevated  in  comparison  to  the  Twitchell  Island  soils  but  were 
much  less  than  the  concentrations  of  butyl tins  found  in  the  turning  basin 
sediment  of  Oakland  Inner  Harbor  (Lee  et  al.  1992). 

Oakland  Inner  and  Oakland  Outer  Harbor  sediments  appear  to  contain 
lower  concentrations  of  polycyclic  aromatic  hydrocarbons  (PAHs)  than  previous 
tested  Twitchell  soils.  Pesticide  concentrations  in  Oakland  Inner  and  Outer 
Harbor  sediments  were  in  the  low  parts  per  billion  range. 

Test  results  were  interpreted  in  relation  to  existing  Federal  criteria 
and/or  State  standards,  or  existing  related  data  and  information  from  litera¬ 
ture  and  past  or  present  research  projects.  Because  the  disposal  site  is  not 
known,  test  results  of  water  quality  data  from  filtered  water  samples  were 
evaluated  in  relationship  to  Federal  Water  Quality  Criteria  and/or  State  Water 
Quality  Standards  for  effluents  and  receiving  waters.  Test  results  were  com¬ 
pared  to  the  EPA  Acute  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Life  (USEPA  1987),  and  the  Effluent  and  Receiving  Water  Limitations  for  Waste 
Discharge  issued  by  the  California  Regional  Water  Quality  Control  Board  in 
response  to  a  permit  application  by  the  Port  of  Oakland  for  the  disposal  of 
Oakland  Harbor  sediment  as  levee -building  material  at  Twitchell  Island  in  the 
Sacramento  River  Delta.  In  the  absence  of  State  Water  Quality  Standards  for 
an  undetermined  disposal  site,  the  Federal  Water  Quality  Criteria  were  assumed 
to  be  applicable  to  give  some  perspective  to  test  results.  Section  401 
requires  compliance  with  State  Water  Quality  Standards,  rather  than  Federal 
Water  Quality  Criteria.  Final  effluent  limitations  will  be  determined  by  the 
state  under  Section  401  of  the  Clean  Water  Act  based  on  the  local  water  qual¬ 
ity  objectives  applicable  to  the  area  where  the  sediment  is  placed.  These 
laboratory  tests  give  predictions  of  water  quality  for  specific  conditions  and 
should  be  considered  an  indication  of  the  potential  of  an  effluent,  surface 
runoff,  or  leachate  to  meet  or  exceed  applicable  water  quality  standards. 
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Effluent  test  results  indicated  that,  with  the  exception  of  copper  and 
tributyltin,  the  dissolved  concentrations  of  all  contaminants  discharged  as 
effluent  will  meet  all  assumed  water  quality  criteria  or  standards  prior  to 
any  mixing.  The  concentrations  of  dissolved  contaminants  exceeding  the 
assumed  criteria  or  standards  (i.e.,  copper  and  tributyltin)  will  require  a 
dilution  of  up  to  2  for  Oakland  Inner  Harbor  sediment  and  21  for  Oakland  Outer 
Harbor  sediment  in  the  mixing  zone  to  meet  the  criteria  or  standards .  This 
degree  of  mixing  can  generally  be  achieved  within  a  short  distance  of  the 
effluent  discharge. 

The  salinity  of  the  effluent  could  potentially  cause  some  adverse  envi¬ 
ronmental  impacts.  A  dilution  of  10  would  reduce  the  salinity  to  less  than 
2  ppt  and  would  minimize  any  impacts  due  to  salinity. 

Bioassay  tests  indicated  no  toxicity  associated  with  exposure  of  sensi¬ 
tive  test  organisms  to  the  Oakland  Inner  or  Outer  Harbor  sediment  modified 
elutriates . 

Contaminants  in  surface  runoff  from  the  Oakland  Inner  and  Outer  Harbor 
sediments  were  mostly  bound  to  the  sediment  particulates.  Significant  quanti¬ 
ties  of  arsenic,  cadmium,  chromium,  copper,  zinc,  and  tributyltin  could  be 
eroded  from  an  upland  disposal  site  during  the  wet,  unoxidized  stage  if  the 
suspended  solids  were  not  removed  from  the  runoff. 

Potential  migration  of  contaminants  in  surface  runoff  water  during  the 
wet,  unoxidized  period  of  upland  disposal  would  be  mostly  associated  with 
erosion  of  particulates.  Management  of  the  upland  disposal  site,  to  remove 
particulates  from  surface  runoff,  would  remove  90  to  99  percent  of  all  contam¬ 
inants  in  surface  runoff.  Only  soluble  copper  concentrations  in  runoff  from 
the  Oakland  Inner  Harbor  sediment  exceeded  the  assumed  EPA  acute  water  quality 
criteria  for  marine  environments,  and  soluble  arsenic  exceeded  the  assumed 
Receiving  Water  Quality  Limitation  standards.  Soluble  arsenic  concentrations 
exceeded  the  assumed  Receiving  Water  Quality  Limitation  standards  in  runoff 
from  the  Oakland  Outer  Harbor  sediment,  but  copper  did  not  exceed  the  assumed 
EPA  criteria.  Consideration  of  a  mixing  zone  at  the  discharge  point  from  the 
upland  disposal  site  and/or  further  treatment  may  be  required  for  those  solu¬ 
ble  contaminants.  A  mixing  zone  ratio  of  about  10  to  1  (receiving  water  to 
runoff  water)  would  be  required  to  dilute  arsenic  concentrations  in  surface 
runoff  water  to  the  assumed  Receiving  Water  Quality  Limitation  standards.  A 
ratio  of  3  to  1  would  be  required  to  dilute  copper  concentrations  to  the 
assumed  EPA  water  quality  criteria  for  marine  environments. 
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Potential  contaminant  migration  in  surface  runoff  from  dry,  oxidized 
sediments  should  occur  only  from  copper,  chromium,  zinc,  cadmium,  and  arsenic 
bound  to  the  suspended  solids.  Only  soluble  arsenic  exceeded  the  assumed 
Receiving  Water  Quality  Limitation  standards  in  both  sediments.  Consideration 
of  a  mixing  zone  or  removal  of  the  suspended  solids  should  eliminate  the  need 
for  further  restrictions,  particularly  with  regard  to  treatment  of  soluble 
contaminants.  Establishment  of  vegetation  either  by  natural  succession  or  by 
planting  would  further  reduce  contaminant  concentrations  in  surface  runoff.  A 
mixing  zone  of  less  than  10  to  1  would  be  required  to  dilute  unfiltered  con¬ 
taminant  concentrations  to  less  than  or  equal  to  the  strictest  assumed 
criteria  or  standard,  and  a  mixing  zone  of  about  2  to  1  would  be  required  for 
soluble  arsenic. 

Exposure  of  sensitive  bioassay  test  animals  to  Oakland  Harbor  sediment 
runoff  waters  showed  little  potential  for  aquatic  toxicity.  Mean  survival  was 
usually  greater  than  90  percent  for  all  treatments,  even  for  animals  exposed 
to  100  percent  runoff  water. 

The  oxidation  of  Oakland  Harbor  sediment  resulted  in  increased  leaching 
of  metals  compared  to  anaerobic  sediment.  The  increase  in  metals  leaching  was 
not  extremely  high,  but  leaching  under  aerobic  conditions  indicates  that 
leachate  metals  concentrations  will  be  higher  if  dredged  material  in  an  upland 
facility  is  drained  to  the  extent  that  oxidizing  conditions  exist  throughout 
the  dredged  material.  From  a  management  perspective,  these  results  indicate 
that  metals  mobility  can  be  reduced  by  maintaining  anaerobic  conditions. 

Maximum  Contaminant  Levels  established  under  the  Safe  Drinking  Water 
Act  were  not  exceeded  by  any  of  the  leachate  data.  The  assumed  Effluent  or 
Discharge  Limitation  standards  for  copper  and  tributyltin  were  exceeded  in  at 
least  one  leaching  test  for  Oakland  Inner  and  Outer  Harbor  sediments.  The 
assumed  Effluent  Limitation  standards  for  cadmium  and  zinc  also  were  exceeded 
for  the  Oakland  Inner  Harbor  sediment  leachates.  The  assumed  Receiving  Water 
Quality  Limitation  standards  were  exceeded  for  all  contaminants  with  the 
exception  of  chromium  for  both  Oakland  Harbor  sediments  and  zinc  in  the  Oak¬ 
land  Inner  Harbor  sediment. 

The  plant  bioassay  test  indicated  that  plant  growth  on  either  Oakland 
Inner  or  Outer  Harbor  sediment  was  poor.  Tissue  contents  of  cadmium,  lead, 
and  selenium  appeared  to  be  elevated  in  plants  grown  in  Oakland  Outer  Harbor 
sediment  and  should  be  of  concern.  Consequently,  consideration  of  restric¬ 
tions  and  controls  is  warranted  for  plants  colonizing  Oakland  Outer  Harbor 
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sediment  placed  in  an  upland  disposal  environment.  Plants  should  be  limited 
to  nonagricultural  species  that  minimize  uptake,  such  as  red  fescue.  Upland 
disposal  of  Oakland  sediments  are  not  expected  to  contribute  to  plant  uptake 
of  PAHs  and  butyltin  that  would  be  of  environmental  concern. 

Both  Oakland  Harbor  sediments  were  not  toxic  to  earthworms  after  sedi¬ 
ment  salinity  was  reduced  by  washing  (leaching).  Initially,  the  sediment 
would  be  toxic  to  earthworms  in  the  disposal  area.  However,  after  the  salt 
has  leached  out,  the  sediment  would  no  longer  be  toxic  to  earthworms.  If 
salts  were  washed  out  of  the  sediment  prior  to  disposal,  no  toxicity  to  earth¬ 
worms  would  be  observed.  While  earthworms  survived  in  both  Oakland  Harbor 
sediments,  they  showed  reduced  weights  compared  to  those  in  the  manure  refer¬ 
ence.  To  obtain  chemical  analysis  of  earthworm  tissues,  composite  samples  of 
replicates  were  made.  There  is  a  potential  for  soil  invertebrates  to 
bioaccumulate  arsenic  to  concentrations  equal  to  or  above  the  Australian 
action  level  (similar  to  that  of  the  U.S.  Food  and  Drug  Administration  (FDA)) 
of  10  pg/g  for  shellfish  and  fish.  Foodwebs  may  become  contaminated  with 
arsenic  at  the  upland  disposal  site.  It  is  noteworthy  that  snails  collected 
in  the  San  Francisco  Bay  area  contained  17  /ig/g  arsenic  as  a  background  tissue 
concentration  (Lee  et  al.  1993).  These  data  suggest  a  relatively  high  ambient 
arsenic  concentration  in  the  environments  around  San  Francisco  Bay.  There  is 
some  potential  for  metals  such  as  cadmium  to  move  through  the  herbivore  food 
chain,  but  not  into  insectivores  (Stafford  et  al.  1991).  A  monitoring  plan 
should  be  employed  to  evaluate  the  mobility  of  metals  such  as  arsenic,  nickel, 
and  cadmium  in  the  ecosystems  that  are  allowed  to  become  establis..ed  on  an 
Oakland  Harbor  sediment  upland  disposal  facility  in  both  the  short  and  long 
term. 

There  is  no  information  concerning  the  potential  movement  of  butyltins 
from  soil  invertebrates  into  the  terrestrial  food  web.  Insectivores  and  small 
herbivores  should  be  sampled  for  butyltin  content  as  the  site  is  naturally 
colonized,  or  the  disposal  area  should  be  planted  with  vegetation  that  deters 
colonization  by  birds  and  mammals. 

Movement  of  polychlorinated  biphenyls  (PCBs)  from  soil  invertebrates  to 
higher  organisms ,  such  as  Insectivorous  birds ,  does  not  appear  to  pose  any 
problem  (Stafford  et  al.  1991).  However,  there  are  no  data  concerning  the 
movement  of  PCBs  in  the  herbivore  food  web.  Tissue  PCB  concentrations  in 
earthworms  exposed  to  Oakland  Harbor  sediments  were  an  order  of  magnitude 
below  FDA  action  levels  for  shellfish  and  fish.  For  perspective,  earthworms 
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exposed  to  the  contaminated  reference  (i.e.,  Field  Verification  Program 
dredged  material)  contained  tissue  PCB  concentrations  equal  to  or  above  the 
FDA  action  level  of  2,000  pg/kg  and  would  be  of  concern. 

Levels  of  pesticides  in  bioasray  earthworms  were  relatively  low  when 
FDA  action  levels  are  considered.  Levels  of  PAHs  in  bioassay  earthworm  tis¬ 
sues  appear  to  suggest  the  need  for  management  practices  to  isolate  these 
compounds  from  food  webs  that  may  become  established  on  the  dredged  material. 
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PREFACE 
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Laboratory  (EL) . 
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Crecelius,  Battel le/Marine  Sciences  Laboratory,  Sequim,  WA.  Sediments  were 
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This  report  should  be  cited  as  follows: 

Lee,  C.  R. ,  Brandon,  D.  L. ,  Tatem,  H.  E. ,  Simmers,  J.  W. , 

Skogerboe,  J.  G. ,  Price,  R.  A.,  Brannon,  J.  M. ,  Palermo,  M.  R. ,  and 
Myers,  T.  E.  1993.  "Evaluation  of  Upland  Disposal  of  Oakland  Harbor, 
California,  Sediment;  Volume  11:  Inner  and  Outer  Harbor  Sediments," 
Miscellaneous  Paper  EL- 92 -12,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 
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PART  I ;  INTRODUCTION 


Background 

Construction  of  both  the  Oakland  Outer  Harbor  Deepening  Project  and  the 
Oakland  Inner  Harbor  Deepening  Project  were  authorized  by  the  Water  Resources 
Development  Act  of  1986,  99th  Congress,  2nd  Session,  Public  Law  99-662  (USACE 
1987) . 

The  plan  authorized  for  Oakland  Outer  Harbor  in  1986  called  for  widening 
and  deepening  of  the  existing  3.4  mile  Oakland  Outer  Harbor  Channel  to  - 
42  feet  MLLW  (Figure  I-l).  This  plan  would  require  the  dredging  of  approxi¬ 
mately  4.9  million  cubic  yards  of  bottom  sediments,  which  were  proposed  for 
disposal  at  the  Alcatraz  Site  SF-11  during  ebb  tide  cycle.  Annual  maintenance 
dredging  and  disposal  would  be  required  for  an  additional  88,000  cubic  yards 
of  material. 

The  authorized  plan  for  Oakland  Inner  Harbor  called  for  deepening  the 
existing  navigational  channels  from  -35  feet  to  -42  feet  MLLW,  between  the 
Oakland  Inner  Harbor  Entrance  Channel  and  the  Clay  Street  Pier  at  Project  Mile 
4.4  (Figure  I-l).  This  plan  would  require  the  dredging  and  disposal  of 
4.4  million  cubic  yards  of  material,  which  were  proposed  for  disposal  at  Alca¬ 
traz.  Annual  maintenance  dredging  and  disposal  would  be  required  for  an  addi¬ 
tional  70,000  cubic  yards  of  material. 

Modifications  to  the  authorized  plan  were  made  in  1987  to  reduce  the 
amounts  of  material  dredged  to  2.8  and  3.7  million  cubic  yards  for  the  Oakland 
Outer  Harbor  and  the  Oakland  Inner  Harbor,  respectively  (USACE  1987). 

Sediments  in  Oakland  Inner  and  Outer  Harbors  were  sampled  and  tested  in 
1987-1988  to  evaluate  the  potential  for  impacts  during  disposal  operations  at 
the  proposed  Alcatraz  disposal  site.  All  material  was  found  to  be  suitable 
for  unrestricted  open-water  disposal,  except  samples  collected  from  the  turn¬ 
ing  basin  area  of  the  Oakland  Inner  Harbor.  The  turning  basin  sediments  were 
determined  to  be  unsuitable  for  unrestricted  open-water  disposal  by  a  joint 
U.S.  Army  Corps  of  Engineers  and  USEPA  Technical  Review  Panel  in  May  1988,  and 
were  evaluated  in  1989-1991  by  Lee  et  al.  1992  for  upland  disposal.  The 
remaining  Oakland  Inner  and  Outer  Harbor  sediments,  while  suitable  for  open- 
water  disposal  in  1988,  were  retested  in  1990-1991  and  evaluated  for  all  dis¬ 
posal  alternatives  of  open-water  disposal,  wetland  creation  and  upland 
disposal . 
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Figure  I-l.  Oakland  Harbor  Deepening  and  Widening  Project  Map 
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The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  was  asked  to 
assist  in  the  evaluation  of  the  two  alternatives  of  wetland  creation  and 
upland  disposal  for  the  remaining  sediments  from  Oakland  Inner  and  Outer  Har¬ 
bors.  Francingues  et  al.  1985  and  Lee  et  al.  1991  described  the  Corps'  Man¬ 
agement  Strategy  for  Disposal  of  Dredged  Material,  in  which  a  sediment  is 
tested  and  evaluated  for  potential  disposal  site  environments,  including  aqua¬ 
tic,  wetland  and  upland.  These  test  protocols  are  included  in  USACE/EPA 
(1992)  and  were  used  in  the  present  evaluation  to  determine  the  potential  for 
migration  of  contaminants  into  effluent,  surface  runoff,  leachates,  plants  and 
animals  under  upland  disposal  conditions.  The  evaluation  of  wetland  creation 
with  these  sediment  is  the  subject  of  another  report  (Simmers  et  al.  1993)  and 
the  open-water  testing  is  being  conducted  by  Battelle  Northwest/Marine  Science 
Laboratory  at  Sequim,  WA. 

The  Corps  management  strategy  has  been  applied  in  total  or  in  part  to 

the  following  dredging  projects; 

Everett  Homeport  Project,  WA 
Black  Rock  Harbor,  CT 
Indiana  Harbor ,  IN 

Blue  River  Project,  Kansas  City,  MO 

New  Bedford  Harbor,  MA 

Baltimore  Harbor,  MD 

Southwest  Pass ,  LA 

Corpus  Christi  Harbor,  TX 

Bridgeport  Harbor,  CT 

Oakland  Harbor ,  CA 

Duwamish  Waterway,  WA 

Michigan  City  Harbor,  IN 

Detroit  River,  MI 

Menominee  River,  WI 

Milwaukee  Harbor,  WI 

Times  Beach  CDF  Site,  Buffalo,  NY 

Toledo  Harbor  CDF,  Toledo,  OH 

Benton  Harbor ,  MI 

Acid  Mine  Spoil  Restoration,  Ottawa,  IL 
Dike  12  CDF,  Cleveland,  OH 
Lock  and  Dam  2  St.  Paul,  MN 
Pointe  Mouillee,  MI 

Broekpolder,  Rotterdam,  The  Netherlands 

The  Corps  management  strategy  test  protocols  have  also  been  applied  to  a 

number  of  other  contaminated  sites  such  as: 

Naval  Weapons  Station,  Concord,  CA 

Naval  Subbase,  Bangor,  WA 

PCB  Spill  Site,  Delft,  The  Netherlands 

Metal  Mining  Waste  Sites,  Wales,  United  Kingdom 

Agricultural  Sites,  Haren,  The  Netherlands 

Wetland  Sites,  Eastern  Scheldt,  The  Netherlands 
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Sewage  Sludge  amended  Soils,  Beltsvilla,  MD 
Roadside  Contamination  Sites,  Chicago,  IL 
Agricultural  Sites,  Montepellier ,  France 
Wetland  Sites,  Lisbon,  Portugal 

Test  results  have  been  used  to  evaluate  potential  contaminant  migration 
and  to  formulate  management  strategies  and/or  remedial  actions  at  these  sites. 
Purpose  and  Scope 

The  purpose  of  this  report  is  to  describe  the  results  of  a  comprehensive 
evaluation  of  the  impact  of  placing  Oakland  Inner  and  Outer  Harbor  sediment  in 
an  undetermined  upland  disposal  environment.  The  evaluation  considered  con¬ 
taminant  migration  via  effluent,  surface  runoff,  leachate,  and  plant  and  ani¬ 
mal  uptake.  Contaminants  of  concern  were  sale,  metals,  tributyltin  (TBT) , 
polycyclic  aromatic  hydrocarbons  (PAHs)  and  polychlorinated  biphenyls  (PCBs) . 
Because  of  the  scarcity  of  data  on  contaminant  migration  from  Oakland  Harbor 
sediments  when  placed  in  an  upland  environment,  all  contaminants  of  concern 
were  considered.  The  data  from  this  evaluation  will  expand  the  data  collected 
by  Lee  et  al.  1992,  Volume  I:  Oakland  Inner  Harbor  Turning  Basin  Sediments. 

Test  results  were  interpreted  in  relation  to  existing  Federal  criteria 
and/or  State  standards,  or  existing  related  data  and  information  from  litera¬ 
ture  and  past  or  present  research  projects.  Because  the  disposal  site  is  not 
known,  test  results  of  water  quality  data  from  filtered  water  samples  were 
evaluated  in  relationship  to  Federal  Water  Quality  Criteria  and/or  State  Water 
Quality  Standards  for  effluents  ana  receiving  waters.  Test  results  were  com¬ 
pared  to  the  EPA  Acute  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Life  (USEPA  1987) ,  and  the  Effluent  and  Receiving  Water  Limitations  for  Waste 
Discharge  issued  by  the  California  Regional  Water  Quality  Control  Board 
(CRWQCB)  in  response  to  a  permit  application  by  the  Port  of  Oakland  for  the 
disposal  of  Oakland  Harbor  sediment  as  levee  building  material  at  Twitchell 
Island  in  the  Sacramento  River  Delta.  In  the  absence  of  State  Water  Quality 
Standards  for  an  undetermined  disposal  site,  the  Federal  Water  Quality  Crite¬ 
ria  were  assumed  to  be  applicable  to  give  some  perspective  to  test  results. 
Section  401  requires  compliance  with  State  Water  Quality  Standards,  rather 
than  Federal  Water  Quality  Criteria.  Final  effluent  limitations  will  be 
determined  by  the  state  under  Section  401  of  the  Clean  Water  Act  based  on  the 
local  water  quality  objectives  applicable  to  the  area  where  the  sediment  is 
placed.  These  laboratory  tests  give  predictions  of  water  quality  for  specific 
conditions  and  should  be  considered  an  indication  of  the  potential  of  an 
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effluent,  surface  runoff  or  leachate  to  meet  or  exceed  applicable  water  qual¬ 
ity  standards. 

Test  data  will  be  discussed  in  terms  of  statistical  differences.  The 
word  statistical  is  used  to  describe  differences  measured  at  the  P  - 
0.05  level  of  significance  using  standard  statistical  procedures  that  consider 
variability  in  test  data  to  separate  data  means  or  a  one  tailed  t-test  when 
criteria  or  standard  values  were  used.  While  some  scientists  have  suggested 
the  use  of  higher  levels  of  significance  such  as  P  -  0.10  to  imply  ecological 
significance  to  test  data,  this  was  not  done  in  this  evaluation.  Instead, 
the  use  of  the  words  "significant”  and/or  "substantial"  increase  or  amount  was 
used  to  describe  the  magnitude  of  an  increase  or  amount  and  will  be  inter¬ 
preted  in  this  report  to  mean  that  the  increase  or  amount  is  important 
ecologically. 


22 


PART  II:  SEDIMENT  CHARACTERIZATION 

Methods  and  Materials 

Sediment  Collection.  Transport,  and  Mixing 

Sediment  was  collected  in  June  1990  from  Oakland  Inner  (OHIl)  and  Outer 
(OHO)  Harbors  (Figures  I-l  and  II-l)  using  a  vibracoring  sampler  (See  Appen¬ 
dix  A  and  Ward  et  al .  1992a  for  further  details).  Samples  I-Cl  to  I-CIR  were 
labeled  as  composite  AC-1  by  Battelle.  Samples  0-Cl  to  0-C13  were  labeled  as 
composite  AC-3  by  Battelle  (Ward  et  al,  1992a,  Ward  et  al .  1992b).  WES 
labeled  these  composites  OHIl  and  OHO,  respectively.  Sediment  from  core 
depths  to  44  feet  was  composited  into  55  gallon  barrels.  All  barrels  of  col¬ 
lected  sediments  were  loaded  into  a  refrigerated  truck  and  transported  to  the 
WES  within  4-5  days.  The  barrels  were  placed  in  a  4  °C  cold  storage  room  for 
5  days  prior  to  mixing. 

Barrels  of  each  sediment  were  removed  from  the  cold  storage  room  and 
poured  into  a  lined  4x15x4  feet  soil  bed  lysimeter  (Figure  II-2).  The  sedi¬ 
ment  was  mixed  by  hand  with  shovels  and  mechanically  with  a  lightning  mixer 
(Figures  II-3  and  II-4).  After  mixing,  subsamples  were  randomly  collected 
from  the  entire  soil  bed  for  use  in  the  different  test  protocols  (Figures  II -5 
and  II-6).  Mixed  sediment  samples  were  containerized  and  stored  in  a  cold 
(4  °C)  storage  facility  until  used  (Figures  II-7  and  II-8).  Soil  beds  were 
covered  for  protection  prior  to  initiation  of  surface  runoff  tests  (Figure  II- 
9).  Sediments  were  air  dried  in  aluminum  drying  flats  prior  to  upland  tests 
(Figures  II-IO,  and  II-ll). 

Sediment  mixing  was  evaluated  by  collecting  aliquot  samples  from  each 
barrel  labelled  for  each  upland  test  or  the  soil  bed  after  the  mixing  process. 
After  mixing  all  barrels  of  sediment  as  shown  in  Figures  II -2  through  II -6, 
subsamples  of  sediment  were  collected  to  be  used  for  separate  tests  of 
elutriate  (EL),  surface  runoff  (SR),  plant  bioassay  (PL),  leachate  tests  (LE) , 
and  animal  bioassay  (AC) .  Aliquots  of  sediment  were  collected  from  each  con¬ 
tainer  for  these  tests  and  analyzed  for  %sand,  %silt  and  %clay,  pH,  copper, 
and  total  organic  carbon  (TOC) ,  to  evaluate  how  well  the  composite  sediment 
was  mixed  and  the  uniformity  of  sediment  to  be  used  by  the  five  separate 
upland  tests. 
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Figure  II-l.  Location  of  Sediment  Core  Sampling  Stations 


Figaro  1 1 -4.  A  Lightning  Mixer  Was  Used  To  Thoroughly  Mix  Sediment 
Physical  Sediment  C] laracter izat ion 

Sediment  samples  were  tested  for  engineering  properties  such  as  liquid 
limits,  plastic  liuiits,  void  ratio  water  content,  density,  particle  size 
distributioit,  consolidation  and  settling,  according  to  procedures  described  in 
Kngiiieer  Manual  1110-2-‘)027  (U.S.  Army  Corps  of  Engineers  1987), 

Sediment  and  Soil  Chemical  Characterization 

Replicate  sediment  samples  were  shipped  to  Dr.  Eric  Crecelius  at 
Battel  le  PN  L.iborator le.s ,  Sequlm,  WA  for  chemical  analyses.  Analytical  meth¬ 
ods  were  similar  to  methods  discussed  in  a  previous  Oakland  report  (Lee  et  al. 
1992).  Oaklajid  Inner  and  Outer  sediments  were  analyzed  for  10  metals  (Ag, 

A.s ,  Cd,  Cr,  C  l,  Hg,  Nl,  Pb,  Se,  and  Zn) ,  4  butyltins  (tetra,  tri,  di.  and 
mono),  polychlorinated  biphenyls  (PCBs)  ns  Aroclors,  19  pesticides  and 
1')  polvcyclic  aromatic  hydrocarbons  (PAHs).  All  data  received  from  the  ana¬ 
lytical  laboratory  are  presented  in  Appendix  A. 


re  1 1 -7.  Mixed  Sediments  Were  Collected  in  Barrels  and 
Taken  To  a  Refrigerated  Building 


F i gure 
In 


II -8.  Barrels  of  Mixed  Sediment  Were  Placed 
a  Refrigerated  Room  at  "C  Until  Tested 


n 


Kif’/ir.'  1 1 -9.  Soil  Beds  Were  Covered  Alter  Mixiiif, 

Results  and  Discussion 


Adfin.i.u-v  ot  Mix;  iit»  Composite  Sediment 

Sediment  iiiixinp;  wns  evaluated  by  collectiiif;  ali«juot  samples  1  roni  (‘aeh 
t).iiiel  l.ihelleil  for  each  upland  test  or  the  soil  bed  aftc-r  tin*  inixinp,  process. 
Ihe  coef f ic lent s  ot  variation  were  below  10%  in  all  parameters  except  TOC; 
the.se  Were  11.2  and  11.58%  for  Oakland  Outer  Harbor  and  Oakland  IniH*r  Harbor 
sediments,  respectively  (Table  ll-l).  Normallv.  coe 1 1 i c i <>nt s  of  variability 
ot  ID*  or  less  ..r«>  observed  in  good  controlled  experimentation.  Since  TOC 
values  .ire  large  numbers  (in  the  tbous<ands)  one  would  expect  increased  per¬ 
cent  .igiss  in  coifficionts  of  variability. 

I’hys  i  1  a  1  Sedi  ment  Characterization 

Both  the  I'akland  Inner  and  Outer  Harbor  sedimcuits  hari  a  clavev  saiul  tSC> 
texture  .ui-ordiUg.  t  f»  the  Unified  Soil  Class!  ficat  if>n  Svstem.  rbvsical  pioper- 
ties  tor  lach  composite  are  shown  in  Figures  Il-l?  and  11-11  (or  Oakland  tHiter 
H.iihoi  .and  O.ikland  Inner  Harbor,  respectively.  Additional  etig.i  tu'er  i  ng  proper¬ 
ties  tor  consolidation  and  settling  are  included  in  Appendix  A. 
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Figure  11-12.  Physical  Engineering  Properties  of  Oakland  Outer  Harbor  Sediment  (OHO) 
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Figure  11-13.  Physical  Engineering  Properties  of  Oakland  Inner  Harbor  Sediment  (OHll) 


Table  II- 1 

Varlablilltv  of  Selected  Sediment  Quality  Data  After  Mixing 


Samole  No. 

TOC  mp/kp 

%  Silt 
& 

Clav 

%  Sand 

Oakland  Outer  Harbor  Sediment  (OHO) 


OOW-EL 

27.7 

6370 

7.7 

47 

53 

OOW-SR 

22.4 

5330 

7.5 

39 

61 

OOW-PL 

24.9 

5760 

7.6 

37 

63 

OOW-LE 

25.1 

5540 

7.7 

43 

57 

OOW-AC 

25.9 

7210 

7.6 

46 

54 

mean 

25.2 

6042 

7.6 

42 

58 

std.  dev. 

1.71 

679.8 

0.08 

3.9 

3.9 

coeff.  of  var. 

6.8 

11.3 

1.1 

9.2 

6.7 

Oakland  Inner  Harbor  Sediment  ^OHIl') 

OIU-EL 

19.6 

3640 

7.4 

34 

66 

OIW-SR 

17.9 

3230 

7.2 

33 

67 

OIW-PL 

17.4 

2660 

7.4 

35 

65 

OIW-LE 

18.0 

3720 

7.3 

33 

67 

OIW-AC 

16.6 

3570 

7.4 

31 

69 

mean 

17.9 

3364 

7.3 

33 

67 

std.  dev. 

0.98 

389.6 

0.09 

1.3 

1.3 

coeff.  of  var. 

5.5 

11.6 

1.2 

4.0 

2.0 

Sediment  and  Soil  Chemical  characterization 

Results  of  the  chemical  analyses  of  the  Oakland  sediments  are  shown  in 
Tables  II-2  and  II-3  (metals),  II-4  (butyl t ins ) ,  II-5  and  II-6  (PAHs),  and 
II-7  (pesticides).  Oakland  sediments  were  analyzed  for  PCBs  and  found  to  have 
values  below  detection  limits  (see  Appendix  A). 

Bulk  chemical  analysis  data  for  sediments  provide  only  an  inventory  of 
the  presence  and  concentrations  of  contaminants .  These  data  can  be  compared 
to  bulk  chemical  analysis  data  for  potential  disposal  site  sediments  or  soils, 
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Table  II -2 

Mean  Concentrations  of  Metals  in  Oakland  Harbor  Sediments. 
Twltchell  Island  Soil  and  Levee  Soils 


Parameter 

Concentrations  me/ke 

drv  weicht 

Oakland 

Inner 

(OHIl) 

Oakland 

Outer 

fOHO') 

Twltchell 

Island* 

Levee 

Soils* 

Silver  /  Ag 

0.110 

0.203 

0.14 

( .014)** 

(.015) 

Arsenic  /  As 

5.620 

6.900 

14.7 

9.3 

(1.21) 

(.762) 

Cadmium  /  Cd 

0.148 

0.233 

0.46 

3.4 

(.021) 

( . 006 ) 

Chromium  /  Cr 

381.3 

364.0 

129.0 

43.8 

(55.0) 

(21.4) 

Copper  /  Cu 

24.53 

31.07 

41.0 

29.0 

(1.65) 

(1.27) 

Mercury  /  Hg 

0.110 

0.166 

0.21 

0.214 

(.026) 

(.010) 

Nickel  /  Ni 

65.20 

84.03 

73.0 

39.9 

(2.60) 

(3.46) 

Lead  /  Pb 

14.15 

18.67 

13.0 

10.8 

(1.38) 

(1.07) 

Selenium  /  Se 

0.173 

0.267 

0.07 

(.021) 

(.035) 

Zinc  /  Zn 

61.10 

84.80 

96.0 

59.3 

(2.69) 

(2.61) 

*  Data  for  Twltchell  Island  and  Levee  soils  are  from  Lee  et  al.  1992. 
**  Values  shown  in  parentheses  are  standard  deviations  of  four  samples. 


and/or  to  available  information  or  literature  that  give  perspective  and/or 
guidance  on  acceptable  levels  of  contaminants  in  soils  for  specific  uses.  One 
example  of  guidance  on  acceptable  levels  of  contaminants  in  soils  for  a  spe¬ 
cific  use  is  the  maximum  allowable  metal  concentrations  in  sludge  amended 
soils  for  agricultural  crop  production  (Table  II-8).  Another  example  of  bulk 
chemical  analysis  data  that  could  be  used  for  comparison  is  soil  data  from 
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Table  11-3 

Concentrations  of  Metals  tn  a  Standard  Reference  Material  Analyzed 


Bv  the  Analytical  T.aboratorv  -  Battelle  PN  Laboratories 


Parameter 

OW  -  S 

SRM  -  Certified  Value 

Silver  /  Ag 

0.09 

NA  * 

Arsenic  /  As 

11.0 

11.6 

Cadmium  /  Cd 

0.32 

0.36 

Chromium  /  Cr 

68.0 

76.0 

Copper  /  Cu 

20.1 

18.0 

Mercury  /  Hg 

0.078 

0.063 

Nickel  /  Ni 

34.3 

32.0 

Lead  /  Pb 

26.8 

28.2 

Selenium  /  Se 

0.54 

(0.6)  ** 

Zinc  /  Zn 

131.3 

138.0 

*  Not  analyzed. 

**  Values  in  parentheses  are  not  certified. 


Twitchell  Island,  a  potential  disposal  site  for  levee  rehabilitation  (Lee  et 
al .  1992).  These  comparisons  will  indicate  whether  the  dredged  material  con¬ 
tains  concentrations  of  contaminants  lower  than,  equal  to,  or  higher  than  the 
respective  referenced  data  and  will  indicate  whether  there  is  reason  to 
believe  the  dredged  material  is  contaminated  and  there  is  a  need  for  further 
testing. 

Metal  concentrations  in  Oakland  Inner  and  Oakland  Outer  sediments  were 
compared  to  the  Twitchell  Island  soil  concentrations  from  previous  evaluations 
in  Table  II-2.  Most  of  these  metals  are  not  unusually  elevated  but  chromium 
and  lead  in  both  Oakland  Inner  and  Outer  sediments  were  found  to  be  higher 
than  the  chromium  and  lead  at  Twitchell  Island  and  in  the  levee  soils,  also 
obtained  from  Twitchell  Island. 

The  butyltin  data  (Table  II -4)  for  Oakland  sediments  shows  these  com¬ 
pounds  are  present,  but  at  concentrations  of  11  ppb  or  lower.  These  concen¬ 
trations  are  elevated  in  comparison  to  the  Twitchell  Island  soils  but  are  much 
less  than  the  concentrations  of  butyltins  found  in  the  previous  study  (Lee  et 
al .  1992)  of  Oakland  Inner  Harbor  Turning  Basin  sediment.  There  are  few  spe¬ 
cific  guidelines  for  evaluating  butyltins  in  sediments. 
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Table  II -4 

Mean  Concentrations  of  Butvltins  in  Oakland  Harbor  Sediments 
and  Tvitchell  Island  Soil 


Concentrations  me/ke 

drv  weight 

Oakland 

Oakland 

Inner 

Outer 

Twitchell 

Levee 

Parameter 

fOHIl) 

rOHO) 

Island* 

Soils* 

Tetra 

<  0.5 

<  0.6 

NA  ** 

NA 

Tri 

5.07 

2.87 

<  2.0 

NA 

(0.76) 

(0.21) 

Di 

4.53 

2.50 

<  2.0 

NA 

(0.55) 

(0.90) 

Mono 

0.47 

1.00 

<  2.0 

NA 

(0.12) 

tO.63) 

TOTAL 

10.57 

6.97 

*  Data  for  Twitchell  Is.  and  Levee  soils  are  from  Lee  et  al.  1992. 

**  Values  shown  in  parentheses  are  standard  deviations, 
t  Not  available. 

The  PAH  data  set  (Table  II -5)  Indicates  that  the  Oakland  Inner  and  Oakland 
Outer  sediments  contain  lower  concentrations  of  PAHs  than  Twitchell  soils. 

The  Twitchell  Island  data,  however,  are  from  Lee  et  al.  (1992).  The  analyses 
were  not  conducted  at  the  same  time  as  the  Oakland  Inner  and  Outer  Harbor 
sediments  and  detection  limits  appear  to  be  higher  for  the  Twitchell  data. 
Tatem  (1990)  showed  that  many  reference  sediments  do  not  contain  detectible 
concentrations  of  PAHs  and  that  the  mean  total  PAHs  of  typical  contaminated 
sediments  is  25  ppm  or  25,000  ppb,  levels  that  are  much  greater  than  those 
found  in  these  Oakland  Harbor  sediments.  Table  II -6  shows  PAH  method  blank 
values  for  the  data  presented  in  I'able  II -5.  Naphthalene  and  pyrene  were  the 
only  PAHs  that  were  detected  in  the  method  blanks. 

Oakland  Outer  Harbor  sediment  contains  the  pesticide  endosulfan  sulfate 
and  the  Twitchell  soil  contains  DDE  and  DDT  (Table  II -7)  but  the  concentra¬ 
tions  are  in  the  low  ppb  range  and  should  not  be  of  concern  at  an  upland  dis¬ 
posal  site.  The  PCB  datr.  are  presented  in  Appendix  A.  All  values  are  less 
than  the  detection  limits  that  ranged  from  27  ppb  to  270  ppb. 
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Table  II -5 


ean  Concentrations  of  PAHs  In  Oakland  Harbor  Sediments 


nd  Twltchell  Island  Soil 


Concentrations  mg/kg  drv  weieht 


Parameter 

Oakland 

Inner 

(OHU) 

Oakland 

Outer 

(OHO) 

Twitchell 

Island* 

Naphthalene 

8.0 

8.0 

<  20 

Acenaphthylene 

3.3 

3.3 

<  20 

Acenaphthene 

5.0 

4.0 

<  20 

Fluorene 

3.0 

4.0 

<  20 

Phenanthrene 

24.3 

23.7 

50 

Anthracene 

7.0 

00 

<  20 

Fluoranthene 

71.0 

50.0 

260 

Pyrene 

123.3 

84.0 

320 

Benzo ( a) anthracene 

41.7 

40.0 

70 

Chrysene 

45.0 

50.3 

120 

Benzofluoranthene** 

152.7 

132.0 

250 

Benzo (a) pyrene 

110.0 

92.0 

180 

Indeno(l , 2 , 3-c , d) pyrene 

86.0 

91.7 

180 

Dibenzo ( a , h) anthracene 

17.0 

14.7 

20 

Benzo (g,h, i)perylene 

109.7 

119.7 

210 

TOTALS 

807.0 

725.7 

1760 

Mean  %  Sur  Rec 

Anthracene 

79.3 

86.0 

*  Data  for  Twitchell  Island  are  from  Lee  et  al .  1992. 

**  All  benzofluoranthene  isomers  (b,j  and  k)  are  quantified  together. 
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Table  II -6 


PAH  Method  Blank  Values  for  Oakland  Inner  /  Oakland 
Outer  Harbor  Sediments 


Concentrations  (ue/kz.  drv  weight) 

Naphthalene 

3.6 

Acenaphthylene 

<0.32 

Acenaphthene 

<0.80 

Fluorene 

<0.64 

Phenanthrene 

<0.87 

Anthracene 

<0.37 

Fluoranthene 

<0.53 

Pyrene 

0.58 

Benzo ( a ) anthracene 

<0.37 

Chrysene 

<0.32 

Benzofluoranthene 

<0.40 

Benzo ( a ) pyrene 

<0.32 

Indeno (l,2,3-c,d) pyrene 

<0.51 

Dibenzo (a , h) anthracene 

<0.29 

Benzo ( g, h, i)perylene 

<0.25 
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Table  II -7 

Mean  Concentrations  of  Pesticides  in  Oakland  Harbor  Sediments. 
Twltchell  Island  Soil  and  Levee  Soils 


Concentrations  mg/kg  drv  weight 


Parameter 

Oakland 

Inner 

(OHIl) 

Oakland 

Outer 

rOHO) 

Twltchell 

Island* 

Levee 

Soils* 

Method 

Blank 

Aldrln 

<  3 

<  3 

<  1 

NA  ** 

<  2 

A  -  BHC 

<  3 

<  3 

<  1 

NA 

<  2 

B  -  BHC 

<  3 

<  3 

<  1 

NA 

<  2 

D  -  BHC 

<  3 

<  3 

<  1 

NA 

<  2 

Chlordane 

<  3 

<  3 

<  1 

NA 

<  2 

4,4-DDD 

<  3 

<  3 

<  3 

NA 

<  2 

4.4-DDE 

<  3 

<  3 

2.6 

3.8 

<  2 

4,4-DDT 

<  3 

<  3 

5.8 

7.3 

<  2 

Dieldrln 

<  3 

<  3 

<  1.5 

NA 

<  2 

Endosulfan  I 

<  3 

<  3 

<  1 

NA 

<  2 

Endosulfan  II 

<  3 

3.3 

<  1.5 

NA 

<  2 

Endosulfan  sulfate 

<  3 

20.3 

<  3 

NA 

<  2 

Endrin 

<  3 

<  3 

<  1.5 

NA 

<  2 

Endrin  aldehyde 

<  3 

<  3 

<  1.5 

NA 

<  2 

Heptachlor 

<  3 

<  3 

<  1 

NA 

<  2 

Heptachlorepoxlde 

<  3 

<  3 

<  1 

NA 

<  2 

Lindane  (g-BHC) 

<  3 

<  3 

<  1 

NA 

<  2 

Toxaphene 

<  27 

<  31 

<  150 

NA 

<  20 

Methoxychlor 

<  5 

<  6 

<  4 

NA 

<  4 

Endrin  ketone 

<  3 

<  3 

<  1.5 

NA 

<  2 

*  Data  for  Twltchell  Island  and  Levee  soils  are  from  Lee  et  al.  1992. 

**  Not  available. 
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Table  II -8 

Background  Levels  and  Allowable  Applications  of  Several  Heavy  Metals 

for  U.S.  Cropland  Soils  * 


Parameter 

Background  Concentration  in 
Soils,  mp/kg 

5  Percentile  Median  95 

Surface 

Percentile 

No  Effect 
Allowed 
Addition* ** 
kp/ha 

Median  Plus 
Allowed 
Application 
mg/kE - 

Lead 

4.0 

11 

27 

1,000 

511 

Zinc 

7.3 

54 

129 

500 

304 

Copper 

3.7 

19 

96 

250 

144 

Nickel 

00 

19 

59 

125 

82 

Cadmium 

0.035 

0.20 

0.78 

5 

2.7 

pH 

4.6 

6.1 

00 

*  From  Table  Cll,  Lee  et  al.  (1991). 

**  Allowed  application  is  mixed  into  the  0-  to  15-cm  (0-  to  6-in.)  surface 
layer  of  soil. 
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PART  III:  EFFLUENT  TEST 


Chemical  Evaluation 


Methods  and  Materials 

Applicability  of  test  procedure.  The  prediction  of  effluent  water  qual¬ 
ity  from  upland  disposal  sites  is  one  of  the  evaluations  described  by 
Francingues  et  al.  1985  for  the  management  of  dredged  material.  The  interpre¬ 
tation  of  the  test  data  was  generally  described  in  the  decision  making  frame¬ 
work  of  Peddicord  et  al.  1986  and  Lee  et  al.  1991.  The  term  effluent  is 
normally  used  to  describe  the  water  discharged  from  a  confined  (diked)  area 
during  hydraulic  placement  of  dredged  material.  Under  these  conditions  a  pond 
of  water  is  maintained  within  the  diked  area,  and  the  volumetric  flow  rate  of 
effluent  is  approximately  equal  to  the  volumetric  inflow  rate. 

For  the  disposal  operation  as  described  for  the  Oakland  Harbor  project, 
the  conditions  for  "effluent"  discharge  are  much  different.  First,  the  mate¬ 
rial  will  be  mechanically  dredged,  transported  to  the  disposal  site  by  barge, 
removed  directly  from  the  barge  with  a  clamshell,  and  placed  in  a  confined 
disposal  facility  (CDF).  These  operations  will  result  in  minimal  entrainment 
of  excess  water  as  compared  to  a  hydraulic  placement  operation. 

There  is  no  standardized  testing  procedure  for  prediction  of  the  quality 
of  water  discharged  during  placement  of  dredged  material  on  land  by  mechanical 
equipment,  as  described  above.  However,  modified  elutriate  procedures  have 
been  developed  for  prediction  of  the  quality  of  effluent  discharged  from  con¬ 
fined  disposal  areas  during  hydraulic  placement  (Palermo  1985) .  These  tests 
are  designed  to  estimate  both  dissolved  and  particle-associated  contaminant 
concentrations  in  the  effluent.  The  modified  elutriate  test  is  considered  a 
conservative  ("worst  case")  estimate  of  contaminant  release  for  material 
placed  by  mechanical  means,  therefore,  these  procedures  were  used  to  estimate 
the  quality  of  effluent  discharged  from  the  unconfined  mechanical  placement. 

The  use  of  modified  elutriate  procedures  for  this  case  is  considered 
conservative  ("worst  case")  for  several  reasons.  The  test  procedures  simulate 
the  complete  mixing  of  sediment  and  water  during  hydraulic  dredging  processes 
and  would  result  in  more  potential  contaminant  release  to  water  than  would 
occur  with  mechanical  dredging  and  placement.  Also,  the  modified  elutriate 
procedure  calls  for  extraction  of  a  sample  for  analysis  after  a  settling 
period  of  24  hours.  Such  a  procedure  would  result  in  a  higher  concentration 
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of  particle -associated  contaminants  than  would  be  expected  for  water  released 
from  a  mechanically  placed  material.  This  is  due  to  only  the  finer  particle 
fractions  remaining  after  a  24-  hour  settling  period.  However,  for  mechanical 
effluent,  some  or  all  particle  fractions  would  be  "washed"  from  the  sediment 
mass  during  the  water  loss  process. 

Procedures .  Modified  elutriate  tests  were  conducted  (Figure  III-l)  on 
composite  samples  of  Oakland  Outer  and  Inner  Harbor  sediments  using  procedures 
described  in  Palermo  (1985).  All  elutriate  tests  were  conducted  in  triplicate 
using  the  composite  sediment  samples  and  dredging  site  water  samples.  The 
elutriate  test  procedures  and  analysis  of  physicochemical  parameters  in  the 
elutriate  such  as  total  suspended  solids  (TSS) ,  pH,  dissolved  oxygen  (DO),  and 
salinity  were  conducted  by  Dr.  Henry  Tatem  (EPED) .  Subsamples  of  the 
elutriate  were  processed,  filtered,  preserved,  and  transported  to  Battelle  for 
chemical  analysis  of  metals  and  tri-,  di-,  and  mono - butyl t ins ,  pesticides, 

PAHs  and  PCBs.  Because  of  the  need  for  large  samples  for  analysis,  TSS  con¬ 
centrations  were  not  determined  for  the  elutriate  samples  used  for  chemical 
analysis,  but  were  determined  using  separate  elutriate  test  runs. 

Data  were  analyzed  using  the  computer  program  EFQUAL  which  is  designed 
for  reduction  and  analysis  of  modified  elutriate  data  and  prediction  of  efflu¬ 
ent  quality  from  confined  disposal  areas.  EFQUAL  calculates  predicted  values 
for  both  dissolved  and  total  effluent  contaminant  concentrations  and  deter¬ 
mines  required  effluent  dilutions  for  those  parameters  exceeding  given  crite¬ 
ria  or  standards.  EFQUAL  is  a  part  of  the  Automated  Dredging  and  Disposal 
Alternatives  Management  System  (Schroeder  and  Palermo  1990) . 

Results  and  Discussion 

The  replicate  mean  results  for  dissolved  contaminants  in  the  modified 
elutriate  tests  are  summarized  in  Tables  III-l  and  III-2  for  the  Inner  and 
Outer  composites,  respectively.  For  those  replicates  for  which  the  elutriate 
samples  were  below  detection,  the  detection  limit  was  used  in  calculating  the 
mean  values . 

The  dissolved  and  total  modified  elutriate  concentrations  were  used  to 
calculate  fractions  of  the  contaminants  associated  with  the  suspended  parti¬ 
cles  as  described  in  Palermo  (1985).  These  fractions  were  then  used  to  esti¬ 
mate  a  total  concentration  of  contaminants  in  the  effluent  for  a  range  of 
assumed  effluent  TSS  concentrations  from  50  to  200  mg/I.  These  results  are 
shown  in  Tables  III-3  and  III-4  for  the  Inner  and  Outer  composites,  respec¬ 
tively.  The  total  modified  elutriate  concentrations  were  equal  to  or  lower 


Table  III-l 

Modified  Elutriate  Results  for  Inner  Composite  Sample 


Mean 

CA  State* 

Freshwater** 

Saltwater** 

Elutriate 

RWQCB 

EPA  Acute 

EPA  Acute 

Dissolved 

Limitations 

WQ  Criteria 

WQ  Criteria 

Parameter 

ur/1 

ug/1 

ur/1 

ur/1 

Silver 

0.0267 

4.1 

2.3 

Arsenic 

3.11 

Cadmium 

0.2173 

1.8 

3.9 

43 

Chromium 

0.79 

16 

16 

1100 

Copper 

4.65 

9.2 

18 

2.9 

Mercury 

0.0407 

2.4 

2.4 

2  . 1 

Nickel 

4 . 66 

1400 

75 

Lead 

3.55 

34 

82 

140 

Selenium 

bd 

260 

410 

Zinc 

34.4 

65 

120 

95 

Tributyltin 

0.24 

0.08 

Dibutyltin 

0.0258 

Monobutyltin 

0.0164 

Conductivity 

pH 

7.6 

DO 

5. 9-7. 4 

Salinity 

TSS 

28 

Naphthalene 

0.007 

2300 

2350 

Acenaphthylene 

bd 

Acenaphthene 

bd 

1700 

970 

Fluorene 

bd 

0 

0 

Phenanthrene 

bd 

Anthracene 

0.0354 

Fluoranthene 

0.0136 

3980 

40 

Pyrene 

0.031 

Benzo [ a ] anthracene 

bd 

Chrysene 

bd 

Benzo [ k ] fluoranthene 

bd 

Benzo [b ] fluoranthene 

0.019 

Benzo [ a ] pyrene 

bd 

Indeno [ 1 , 2 , 3  - c , d ] pyrene 

bd 

Dibenzo [ a , h ] anthracene 

bd 

Benzo [ g , h , i ] perylene 

0.0085 

*  CA  state  limitations 

are  those 

issued  for  the 

Twitchell  Island 

project 

(CRWQCB  1989). 

**  In  the  absence  of  State  Water  Quality  Standards  for  an  undetermined 
disposal  site,  it  was  assumed  that  the  Federal  Water  Quality  criteria 
would  apply. 
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Figure  III-l.  Glass  Columns  of  Sediment/Uater  Elutriate  Mixture 

than  concentrations  for  the  dissolved  samples  for  some  test  replicates.  In 
this  case,  the  TSS  traction  did  not  contribute  to  the  total  concentrations. 

Water  quality  standards.  The  estimated  dissolved  concentrations  in  the 
effluent  are  equal  to  the  dissolved  modified  elutriate  test  concentrations  as 
shown  in  Tables  III- I  and  III-2.  For  this  analysis,  the  dissolved  effluent 
concentrations  were  compared  to  the  assumed  EPA  Fresh  and  Marine  Acute  Water 
Quality  Criteria  for  the  Protection  of  Aquatic  Life  (EPA  1987),  and  the 
assumed  Effluent  and  Receiving  Water  Limitation  Standards  for  the  disposal  of 
Oakland  Harbor  dredged  material  issued  by  CRWQCB  in  response  to  a  permit 
application  bv  the  Port  of  Oakland. 

EFQUAL  uses  t- tests  to  compare  the  predicted  effluent  concentrations  to 
specified  criteria  or  standards.  Contaminant  concentrations  less  than  or 
equal  to  the  criteria  are  postulated  as  the  null  hypothesis.  Contaminant 
concentrations  greater  than  the  criteria  serve  as  the  alternate  hypothesis.  A 
rejection  of  the  null  hypothesis  suggests  values  were  greater  than  the  crite¬ 
ria.  In  general,  the  predicted  dissolved  effluent  concentrations  were  well 
below  all  assumed  criteria  and  standards.  For  the  Inner  sediment,  copper 
exceeded  the  assumed  EPA  saltwater  criterion  (level  of  confidence  of  86%), 
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Table  III -2 

Modified  Elutriate  Results  for  Outer  Composite  Sample 


Mean 

CA  State* 

Freshwater** 

Saltwater** 

Elutriate 

RWQCB 

EPA  Acute 

EPA  Acute 

Dissolved 

Limitations 

WQ  Criteria 

WQ  Criteria 

Parameter 

ue/1 

U£/l 

ue/1 

u|l/1 _ 

Silver 

0.01 

4.1 

2.3 

Arsenic 

3.18 

Cadmium 

0.2867 

1.8 

3.9 

43 

Chromium 

0.45 

16 

16 

1100 

Copper 

33.6 

9.2 

18 

2.9 

Mercury 

0.0067 

2.4 

2.^ 

2.1 

Nickel 

4.21 

1400 

75 

Lead 

2.98 

34 

82 

140 

Selenium 

bd 

260 

410 

Zinc 

45.9 

65 

120 

95 

Tributyl tin 

0.0107 

0.08 

Dibutyltin 

0.0329 

Monobutyl tin 

0.0113 

Conductivity 

.  . 

pH 

7.5 

DO 

9 

Salinity 

26 

TSS 

Naphthalene 

0.1155 

2300 

2350 

Acenaphthylene 

0.0176 

Acenaphthene 

0.0439 

1700 

970 

Fluorene 

0.0351 

0 

0 

Phenanthrene 

0.0468 

Anthracene 

0.0205 

Fluoranthene 

0.0292 

3980 

40 

Pyrene 

0.022 

Benzo [ a ] anthracene 

0.0205 

Chrysene 

0.0176 

Benzo [k] fluoranthene 

0.022 

Benzo { b ] fluoranthene 

0.022 

Benzo [ a ] pyrene 

0.0176 

Indeno [ 1 , 2 , 3-c , d] pyrene 

0.0278 

Dibenzo [ a , h ] anthracene 

0.0161 

Benzo [ g,h, i]perylene 

0.014 

*  CA  state  limitations 

are  those 

issued  for  the 

Twitchell  Island  project  I 

(CRWQCB  1989). 

**  In  the  absence  of  State  Water 

Quality  Standards  for  an  undetermined  1 

disposal  site,  it  was 

assumed  that  Che  Federal 

Water  Quality 

criteria  I 

would  apply. 
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Table  III -3 


Predicted  Effluent  Total  Concentrations  for  Inner  Sediment 


Predicted  Total  Effluent  Concentrations  in  ue/l 

_ for  Effluent  TSS  Concentration _ _ 

50  100  150  200 

mp/1  mE/1  niR/1  — 


_ Parameter _ 

Silver 

Arsenic 

Cadmlvun 

Chromiun 

Copper 

Mercury 

Nickel 

Lead 

Selenium 

Zinc 

Tributyltin 
Dibutyl tin 
Monobutyltin 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo [ a ] anthracene 
Chrysene 

Benzo [k] fluoranthene 
Benzo [ b ] fluoranthene 
Benzo [ a ] pyrene 
Indeno [ 1 , 2 , 3 - c , d ] pyrene 
Dibenzo [ a , h ] anthracene 
Benzo [g,h, i]perylene 


0.0267 

0.027 

3.4200 

3.726 

0.2173 

0.2173 

1.2483 

1.7066 

4.7000 

4.7576 

0.0494 

0.058 

5.0613 

5.4592 

3.870 

4.196 

bd* 

bd* 

37.656 

40.910 

0.24 

0.24 

0.0392 

0.0525 

0.017 

0.0176 

0.0113 

0.0154 

0 

0 

0.0192 

0.384 

0 

0 

0.0017 

0.0034 

0.0354 

0.0354 

0.0151 

0.0166 

0.0422 

0.0534 

0.0134 

0.0268 

0.0033 

0.0067 

0.0044 

0.0089 

0.02 

0.0209 

0.0069 

0.0138 

0.0067 

0.0133 

0 

0 

0.0112 

0.0139 

0.027 

0.027 

4.032 

4.339 

0.2173 

0.2173 

2.1600 

2.6200 

4.810 

4.869 

0.0668 

0.0754 

5.8572 

6.2552 

4.520 

4.840 

bd* 

bd* 

44.169 

47.425 

0.24 

0.24 

0.0659 

0.0792 

0.0181 

0.0187 

0.0196 

0.0237 

0 

0 

0.0575 

0.0767 

0 

0 

0.0051 

0.0068 

0.0354 

0.0354 

0.0182 

0.0197 

0.0645 

0.0757 

0.0402 

0.0535 

0.01 

0.0133 

0.0134 

0.0178 

0.0219 

0.0229 

0.0207 

0.0257 

0.02 

0.0266 

0 

0 

0.0166 

0.0194 

*  bd  -  below  detection  limit. 
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Table  III-4 

Predicted  Effluent  Total  Concentrations  for  Outer  Sediment 


Concentrations 

in  ur/1 

for  Effluent 

TSS  Concentration 

50 

100 

150 

200 

Parameter 

msL/1 

mz/l 

mg/1 

mg/l 

Silver 

0.0258 

0.042 

0.057 

0.073 

Arsenic 

3.9867 

4.790 

5.590 

6.397 

Cadmixim 

0.3088 

0.3308 

0.3529 

0.3749 

Chromium 

1.7197 

2.9894 

4.2591 

5.5288 

Copper 

33.6000 

33.6000 

33.600 

33.600 

Mercury 

0.0149 

0.023 

0.0313 

0.0395 

Nickel 

5.62 

7.04 

8.45 

9.87 

Lead 

2.980 

2.980 

2.980 

2.980 

Selenium 

bd 

bd 

bd 

bd 

Zinc 

47.000 

48.100 

48.208 

50.311 

Tributyltin 

0.0115 

0.0122 

0.013 

0.0137 

Dibutyl tin 

0.0329 

0.0329 

0.0329 

0.0329 

Monobutyl tin 

0.0113 

0.0113 

0.0113 

0.0113 

Naphthalene 

0.1162 

0.1169 

0.1176 

0.1183 

Acenaphthylene 

0.0177 

0.0178 

0.0179 

0.018 

Acenaphthene 

0.0442 

0.0444 

0.0447 

0.0449 

Fluorene 

0.0353 

0.0355 

0.0357 

0.0359 

Phenanthrene 

0.0474 

0.048 

0.0487 

0.0493 

Anthracene 

0.0206 

0.0207 

0.0208 

0.0209 

Fluoranthene 

0.0294 

0.0296 

0.0298 

0.03 

Pyrene 

0.0240 

0.0259 

0.0279 

0.0298 

Benzo [ a ] anthracene 

0.0206 

0.0207 

0.0208 

0.0209 

Chrysene 

0.0177 

0.0178 

0.0179 

0.018 

Benzo [k] fluoranthene 

0.0221 

0.0223 

0.0224 

0.0225 

Benzo [b] fluoranthene 

0.0221 

0.0223 

0.0224 

0.0225 

Benz  o [ a ] pyrene 

0.0177 

0.0178 

0.0179 

0.018 

Indeno[ 1 , 2 , 3-c , d] pyrene 

0.0279 

0.0280 

0.0282 

0.0283 

Dibenzo [ a , h ] anthracene 

0.0162 

0.0163 

0.0164 

0.0165 

Benzo [g,h, ijperylene 

0.0141 

0.0142 

0.0143 

0.0144 

however  the  background  concentration  was  also  above  the  criterion  and  was 
higher  than  the  predicted  effluent  concentration. 

For  the  Inner  sediment,  tributyltin  exceeded  the  assumed  CRWQCB 
limitation  standard  (level  of  confidence  76%),  and  a  dilution  in  the  mixing 
zone  of  less  than  2  would  be  required  to  meet  a  standard.  For  the  Outer  sedi¬ 
ment,  copper  exceeded  all  of  the  assumed  criteria  and  standards,  however,  the 
laboratory  results  for  dissolved  elutriate  concentrations  were  significantly 
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higher  than  the  corresponding  total  concentrations.  This  indicates  a  possible 
analytical  error.  Assuming  the  dissolved  concentrations  were  as  predicted, 
dilutions  of  21,  2,  and  31  would  be  required  to  meet  the  assumed  CRWQCB  limi¬ 
tation  standard,  the  assumed  EPA  Freshwater  criterion,  and  the  assumed  EPA 
saltwater  criterion,  respectively. 

Mass  release.  No  standards  for  mass  loading  were  specified  by  the 
Regional  Water  Quality  Control  Board.  Therefore,  predictions  of  the  total 
concentration  of  contaminants  in  the  effluent  for  an  assumed  range  of  effluent 
TSS  from  50  to  200  mg/L  were  used  to  estimate  potential  mass  releases .  These 
results  are  shown  in  Tables  III -3  and  III -A.  These  estimates  of  total  concen¬ 
trations  were  used  to  compute  a  mass  release  of  contaminants  expressed  as  a 
percentage  for  an  assumed  hydraulic  placement  operation. 

The  sediment  contaminant  concentrations  for  the  inner  and  outer  compos¬ 
ite  samples  were  used  as  the  initial  contaminant  concentrations  as  placed 
(shown  in  Tables  III-5  and  I1I-6).  Hydraulic  placement  was  assumed  to  result 
in  an  inflow  suspended  solids  concentration  of  150  g/1 .  The  total  effluent 
concentrations  of  contaminants  for  the  assumed  range  of  50  to  200  mg/L  of 
effluent  TSS  was  then  used  to  compute  the  percentage  of  total  contaminants 
placed  which  would  be  discharged  as  effluent.  Mass  release  calculated  for  the 
hydraulic  placement  method  is  conservative  as  compared  with  that  for  mechani¬ 
cal  placement.  The  resulting  mass  releases  expressed  as  percentages  of  the 
total  contaminants  placed  are  summarized  In  Tables  III -5  and  III -6. 

The  mass  releases  were  generally  well  below  one  percent.  The  butyltin 
releases  for  both  the  inner  and  outer  harbor  sediments  were  higher  ranging  up 
to  28  percent.  These  higher  values  of  release  expressed  as  a  percentage 
reflect  the  fact  the  initial  concentrations  of  butyltins  in  the  sediments  were 
comparatively  low  and  all  release  is  associated  with  the  dissolved  fraction. 
These  data  generally  indicate  that  the  placement  operation  should  be  managed 
to  reduce  the  level  of  suspended  solids  in  the  effluent  to  the  greatest  degree 
practical  and  very  little  soluble  butyltins  will  be  discharged. 

Effluent  Impacts  and  Control 

The  evaluation  of  the  effluent  indicates  that,  with  the  exception  of 
copper  and  tributyltin,  the  dissolved  concentrations  of  all  contaminants  dis¬ 
charged  as  effluent  will  meet  all  assumed  water  quality  criteria  and  standards 
prior  to  any  mixing.  The  concentrations  of  dissolved  contaminants  potentially 
exceeding  assumed  criteria  will  require  a  dilution  of  up  to  2  for  Oakland 
Inner  Harbor  sediment  and  31  for  Oakland  Outer  Harbor  sediment  in  the  mixing 
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Table  III-5 

Estimated  Mass  Release  for  Inner  Sediment 


Parameter 

Sediment 

Concentration 

me/ke 

Predicted  Total  Effluent  Concen¬ 
trations  in  ug/1  for  Effluent 

TSS  Concentration 

50  100  150  200 

mz/l  mc/l  me/l  mz/l 

Silver 

0.11 

0.16 

0.16 

0.16 

0.16 

Arsenic 

5.62 

0.41 

0.44 

0.48 

0.51 

Cadmium 

0.15 

0.97 

0.97 

0.97 

0.97 

Chromium 

381 

0.00 

0.00 

0.00 

0.00 

Copper 

24.5 

0.13 

0.13 

0.13 

0.13 

Mercury 

0.109 

0.30 

0.35 

0.41 

0.46 

Nickel 

65.2 

0.05 

0.06 

0.06 

0.06 

Lead 

14.2 

0.18 

0.20 

0.21 

0.23 

Selenium 

0.17 

0.00 

0.00 

0.00 

0.00 

Zinc 

61.1 

0.41 

0.45 

0.48 

0.52 

Tributyltin 

0.0057 

28.07 

28.07 

28.07 

28.07 

Dibutyltin 

0.0045 

5.81 

7.78 

9.76 

11.73 

Monobutyltin 

0.00047 

24.11 

24.96 

25.67 

26.52 

Naphthalene 

0.008 

0.94 

1.28 

1.63 

1.98 

Acenaphthylene 

0.0033 

0.00 

0.00 

0.00 

0.00 

Acenaphthene 

0.005 

2.56 

51.20 

7.67 

10.23 

Fluorene 

0.003 

0.00 

0.00 

0.00 

0.00 

Phenanthrene 

0.0243 

0.05 

0.09 

0.14 

0.19 

Anthracene 

0.007 

3.37 

3.37 

3.37 

3.37 

Fluoranthene 

0.071 

0.14 

0.16 

0.17 

0.18 

Pyrene 

0.1233 

0.23 

0.29 

0.35 

0.41 

Benzo [ a ] anthracene 

0.0417 

0.21 

0.43 

0.64 

0.86 

Chrysene 

0.045 

0.05 

0.10 

0.15 

0.20 

Benzo [ k ] fluoranthene 

0.1527 

0.02 

0.04 

0.06 

0.08 

Benzo [ b ] fluoranthene 

0.1527 

0.09 

0.09 

0.10 

0.10 

Benzo [ a ] pyrene 

0.11 

0.04 

0.08 

0.13 

0.16 

Indeno [ 1 , 2 , 3 - c , d] pyrene 

0.086 

0.05 

0.10 

0.16 

0.21 

Dibenzo [ a , h ] anthracene 

0.017 

0.00 

0.00 

0.00 

0.00 

Benzo [ g , h , i ] perylene 

0.1097 

0.07 

0.08 

0.10 

0.12 
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Table  III-6 

Estimated  Mass  Release  for  Outer  Sediment 


Predicted  Total  Effluent  Concen¬ 
trations  in  ug/1  for  Effluent 


Sediment  _ TSS  Concentration 


Parameter 

Concentration 

mz/ke 

50 

me/l 

100 

m'^./l 

150 

■  mg/l. 

200 

mgL/I 

Silver 

0.2 

0.09 

0.14 

0.19 

0.24 

Arsenic 

6.4 

0.42 

0.50 

0.58 

0.67 

Cadmium 

0.23 

0.90 

0.96 

1.02 

1.09 

Chromium 

364 

0.00 

0.01 

0.01 

0.01 

Copper 

31.1 

0.72 

0.72 

0.72 

0.72 

Mercury 

0.166 

0.06 

0.09 

0.13 

0.16 

Nickel 

84 

0.04 

0.06 

0.07 

0.08 

Lead 

18.7 

0.11 

0.11 

0.11 

0.11 

Selenium 

26.7 

0.00 

0.00 

0.00 

0.00 

Zinc 

8a.  8 

0.37 

0.38 

0.38 

0.40 

Tribucyltin 

0.00287 

2.67 

2.83 

3.02 

3.18 

Dibutyltin 

0.0025 

8.77 

8.77 

8.77 

8.77 

Monobutyl tin 

0.001 

7.53 

7.53 

7.53 

7.53 

Naphthalene 

0.008 

9.68 

9.74 

9.80 

9.86 

Acenaphthylene 

0.0033 

3.58 

3.60 

3.62 

3.64 

Acenaphthene 

0.004 

7.37 

7.40 

7.45 

7.48 

Fluorene 

0.004 

5.88 

5.92 

5.95 

5.98 

Phenanthrene 

0.0237 

1.33 

1.35 

1.37 

1.39 

Anthracene 

0.0083 

1.65 

1.66 

1.67 

1.68 

Fluoranthene 

0.05 

0.39 

0.39 

0.40 

0.40 

Pyrene 

0.084 

0.19 

0.21 

0.22 

0.24 

Benzo [ a ] anthracene 

0.04 

0.34 

0.35 

0.35 

0.35 

Chrysene 

0.0503 

0.23 

0.24 

0.24 

0.24 

Benzo [ k ] fluoranthene 

0.132 

0.11 

0.11 

0.11 

0.11 

Benzo [ b ] fluoranthene 

0.132 

0.11 

0.11 

0.11 

0.11 

Benzo [a] pyrene 

0.092 

0.13 

0.13 

C.13 

0.13 

lndeno[ 1 , 2 , 3-c ,d]pyrene 

0.0917 

0.20 

0.20 

0.21 

0.21 

Dibenzo [ a , h ] anthracene 

0.0147 

0.73 

0.74 

0.74 

0.75 

Benzo ( g , h , i ] pery lene 

0.1197 

0.08 

0.08 

0.08 

0.08 
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to  meet  the  assumed  criteria  and  standards.  This  degree  of  mixing  can 
generally  be  achieved  within  a  short  distance  of  the  effluent  discharge. 

The  total  mass  release  of  contaminants  as  effluent  was  estimated  to  be 
generally  less  than  one  percent  of  the  tc: al  contaminants  placed,  and  varied 
with  respect  to  the  assumed  concentration  of  TSS  in  the  effluent.  The  place¬ 
ment  operation  should  be  managed  to  reduce  the  TSS  concentration  in  the  efflu¬ 
ent  to  the  largest  degree  practical.  This  can  be  accomplished  by  ponding  of 
effluent  water  within  the  toe  dikes  prior  to  discharge.  The  resulting  sedi¬ 
mentation  of  suspended  solids  should  reduce  the  total  mass  release  of 
contaminants . 

The  salinity  of  the  effluent  could  potentially  cause  some  adverse  envi¬ 
ronmental  impacts.  A  mixing  zone  with  a  dilution  of  approximately  10  to  1 
will  be  required  to  reduce  the  salinity  to  less  than  2  ppt  and  will  minimize 
any  impacts  due  salinity. 


Biological  Evaluation 


Methods  and  Materials 

Background.  The  modified  elutriate  test  procedure  is  discussed  by 
Palermo  (1986).  It  is  used  to  predict  both  dissolved  and  particle-associated 
concentrations  of  environmental  contaminants  in  effluents  from  confined 
dredged  material  disposal  areas.  Biological  evaluation  of  a  modified 
elutriate  is  the  second  method  described  by  Lee  et  al.  1991  to  evaluate  the 
impact  of  discharges  from  confined  disposal  facilities  (CDF) . 

Procedures .  Modified  elutriates  were  prepared  following  procedures 
outlined  in  Palermo  (1985)  and  (1986).  Step  one  was  to  determine  the  grams  of 
dry  Oakland  Inner  or  Oakland  Outer  sediment  in  a  known  volume  (grams  per 
liter) .  This  value  was  then  used  in  the  equations  described  in  Palermo 
(1985),  assuming  a  slurry  concentration  of  150  grams  per  liter.  Sediment  and 
site  water  were  well  mixed  in  a  gallon  jar  prior  to  being  agitated  vigorously 
in  a  4-liter  cylinder  for  1  hour  by  aeration.  After  being  allowed  to  settle 
for  24  hours  the  supernatant  was  extracted  from  the  cylinder  by  siphoning.  A 
large  volume  of  elutriate  was  needed  for  the  chemical  analyses,  both  filtered 
and  unfiltered  samples,  and  the  bioassays.  Each  cylinder  produced  approxi¬ 
mately  1.8  to  2.2  liters  of  modified  elutriate.  Samples  of  the  modified 
elutriate  were  sent  for  chemical  analyses  of  metals,  butyltins  and  PAHs .  The 
chemistry  laboratory  required  as  much  as  3  liters  of  samples  (6  liters 
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counting  both  filtered  and  unfiltered  samples)  for  each  of  the  two  organic 
parameters  and  about  1  liter  for  the  metals.  The  procedure  for  preparation  of 
the  samples  for  chemical  analysis  was  to  take  the  contents  of  two  or  three 
cylinders  to  make  one  chemical  sample,  both  filtered  and  unfiltered.  Addi¬ 
tional  modified  elutriate  tests  were  conducted  for  the  bioassay  testing.  For 
the  bioassay  tests,  approximately  12  liters  of  water  were  siphoned  from  the 
5  cylinders  and  placed  in  gallon  jars.  In  some  cases  the  modified  elutriates 
were  held  overnight,  at  4  “C,  while  beakers  and  animals  were  being  prepared; 
there  was  no  sediment  layer  present  in  these  samples .  The  bioassays  were 
performed  on  composite  samples  of  modified  elutriate  from  all  five  cylinders. 
Separate  modified  elutriates  were  made,  using  similar  sediment/water  concen¬ 
trations,  for  the  total  suspended  solids  determinations. 

Results  and  Discussion 

Tables  III -7  to  III -12  present  data  from  the  various  modified  elutriate 
bioassays.  These  modified  elutriates  were  always  at  d  salinity  of  26  to 
28  ppt  because  they  were  made  with  dredging  site  water.  The  modified 
elutriates  settled  to  3  distinct  layers,  a  2-3  cm  ndy  layer,  a  lighter  12  cm 
sediment  layer  and  the  relatively  clear  water  layer.  The  50%  Oakland  Outer 
modified  elutriate  was  12  ppt  salinity;  the  10%  modified  elutriate  was  2  ppt. 
Dissolved  oxygen  of  the  modified  elutriates  was  always  greater  than  7  to 
8  ppm;  pH  was  7.7  to  7.9,  similar  to  laboratory  culture  water  of  the  same 
salinity. 

Table  III-7  presents  data  for  Daphnia  and  Oakland  Inner  Harbor  sediment 
modified  elutriate.  Survival  of  animals  exposed  to  the  10  %  modified 
elutriate  was  comparable  to  the  controls  indicating  no  toxicity.  Animals 
exposed  to  the  50  %  elutriate  concentration  were  affected  by  the  salinity  as 
shown  by  the  results  with  12 -ppt  controls.  These  test  animals  are  normally 
found  in  either  freshwater  or  low  salinity  brackish  water  and  generally  cannot 
survive  at  salinities  greater  than  5  to  7  ppt.  Neomysis  was  exposed  to  these 
modified  elutriates  at  two  salinities,  12  and  25  ppt,  and  clearly  demonstrated 
no  toxicity  associated  with  the  Oakland  Inner  Harbor  sediments.  Daphnia  and 
Neomysis  were  also  exposed  to  modified  elutriates  prepared  with  Oakland  Outer 
Harbor  sediment.  These  data  (Tables  IIl-lO  and  III-ll)  also  indicate  no  tox¬ 
icity  associated  with  exposure  of  these  sensitive  test  organisms  to  the  Oak¬ 
land  Outer  Harbor  sediment  modified  elutriates;  again,  salinity  was  the  factor 
effecting  Daphnia  as  described  above  for  Table  III-7. 
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Table  III -7 


Percent  Survival  of  Daohnla  Exposed  to  Oakland  Inner  Harbor  Sediment 
Modified  Elutriate  for  96  Hours  at  Two  Salinities 


Treatment 

Renlicate 

%  Survival 

Treatment 

Renlicate 

%  Survival 

X. 

.££t 

Control 

1 

80 

0  % 

1 

70 

2 

100 

2 

80 

3 

100 

3 

80 

4 

90 

4 

100 

5 

80 

5 

100 

12. 

-BBt 

Controls 

1 

0 

50  % 

1 

0 

2 

0 

2 

0 

3 

0 

3 

0 

4 

0 

4 

0 

5 

0 

5 

0 
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Table  III -8 


Percent  Survival  of  Neomvsts  Exposed  to  Oakland  Inner  Harbor  Sediment 
Modified  Elutriate  for  96  Hours  at  12-ppt  Salinity 


Treatment 

Reolicate 

Percent  Survival 

Control 

1 

70 

2 

80 

3 

100 

4 

100 

5 

100 

10  % 

1 

100 

2 

80 

3 

50 

4 

100 

5 

70 

50  % 

1 

100 

2 

80 

3 

80 

4 

100 

5 

100 

The  100%  treatment  was  not  conducted  because  the  salinity  of  the  Oakland  Inner 
Harbor  sediment  modified  elutriate  was  25  ppt;  the  100%  concentration  was 
tested  during  the  25 -ppt  mysld  bioassay. 
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Table  III-9 


Table  III-IO 


ft.irrp.nt:  Survival  of  Daphnta  Exposed  to  Oakland  Outer  jjarbor  Secjj-aent 
Modified  Elutriate  for  96  Hours  at  Various  Sali-pi-tjes 


Salinity  Treatment 

0  ppt 

Control 


Replicate 

1 

2 

3 

4 

5 


Percent  Sur 

100 

100 

100 

100 

90 


2  ppt 


10  % 


1 

2 

3 

4 

5 


90 

100 

100 

90 

100 


12  ppt 


50  %  1 

2 

3 

4 

5 


0 

0 

0 

0 

0 
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Table  III-ll 

Percent  Survival  of  Neomysis  Exposed  to  Oakland  Outer  Harbor  Sediment 
Modified  Elutriate  for  96  Hours  at  25-ppt  Salinity 


Treatment 

Reolicate 

Percent  Survival 

Control 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

10  % 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

50  % 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

100  % 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

Site  Water 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 
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PART  IV:  SURFACE  RUNOFF  TEST 


Chemical  Evaluation 


Methods  and  Materials 

Background .  Sediments  removed  from  waterways  by  construction  projects 
sometimes  contain  elevated  concentrations  of  contaminants  such  as  heavy 
metals,  polychlorinated  biphenyls  (PCBs),  and  pol)muclear  aromatic  hydro¬ 
carbons  (PAHs).  The  potential  for  adverse  environmental  impacts  from  con¬ 
taminants  carried  by  surface  runoff  depends  on  several  factors  including  the 
chemical  form  of  the  contaminants  and  the  type  of  disposal  environment.  Wet, 
unoxidized  dredged  material  usually  has  a  pH  >  7  with  most  contaminants 
tightly  bound  to  the  sediment  particulates.  Movement  of  contaminants  from  the 
disposal  site  by  surface  runoff  would  result  primarily  from  erosion  of  sedi¬ 
ment  (Skogerboe  et  al.  1987).  Suspended  solids  concentrations  in  surface 
runoff  could  range  from  5,000  to  50,000  mg/1.  Unfiltered  (total)  contaminant 
concentrations  in  surface  runoff  could  also  be  very  high,  while  filtered  (dis¬ 
solved)  contaminant  concentrations  would  be  relatively  low.  When  the  dredged 
material  is  placed  in  an  upland  disposal  environment,  physicochemical  changes 
occur  as  the  material  dries  and  oxidizes.  These  changes  may  greatly  affect 
the  surface  runoff  water  quality,  particularly  the  filtered  contaminant  con¬ 
centrations.  As  the  sediment  dries  and  oxidizes,  a  hard  surface  crust  forms 
which  makes  the  sediment  more  resistant  to  erosion  and  decreases  suspended 
solids  to  10  to  1,000  mg/1.  Unflltered  contaminant  concentrations  will 
decrease  by  several  orders  of  magnitude,  but  filtered  concentrations  of  some 
contaminants  may  increase.  When  the  filtered  concentration  statistically 
equals  the  unfiltered  concentration,  most  of  the  contaminant  is  dissolved 
rather  than  adsorbed  to  particulates  (Skogerboe  et  al.  1987). 

The  prediction  of  *5urface  runoff  water  quality  from  Corps  of  Engineers 
(CE)  upland  disposal  sites  is  one  of  the  evaluations  described  by  Francingues 
et  al.  (1985)  for  the  management  of  dredged  material.  The  interpretation  of 
the  test  data  has  been  generally  described  in  the  decision  making  framework  of 
Peddicord  et  al .  (1986)  and  Lee  et  al.  (1991).  The  U.S.  Army  Engineer  Water¬ 
ways  Experiment  Station  (WES)  developed  a  rainfall  simulator,  lysimeter  system 
to  predict  surface  runoff  water  quality  from  CE  project  sites.  The  WES  system 
is  a  rotating  disk  type  rainfall  simulator  modified  from  a  design  of  Morin, 
Goldberg,  and  Seginer  (1967).  It  Incorporates  the  latest  methods  to 
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accurately  duplicate  the  drop  size  and  terminal  velocities  of  natural  rain¬ 
fall,  factors  which  are  critical  in  erosion  and  infiltration  studies 
(Uesterdahl  and  Skogerboe  1982).  Extensive  field  verification  studies  have 
been  conducted  with  the  WES  Rainfall  Simulator,  Lysimeter  System  on  a  wide 
range  of  CE  project  sites  (Westerdahl  and  Skogerboe  1982;  Lee  and  Skogerboe 
1984;  Skogerboe  et  al.  1987).  The  WES  Rainfall  Simulator/  Lysimeter  System 
proved  to  be  an  effective  tool  for  predicting  surface  runoff  rates,  soil  loss, 
and  runoff  contaminant  concentrations.  This  study  was  designed  to  predict 
potential  surface  runoff  water  quality  from  upland  disposal  of  dredged  mate¬ 
rial  contaminated  with  heavy  metals,  PAHs,  and  tributyltin  from  the  Oakland 
Harbor.  Sediment  was  collected  from  Oakland  Inner  and  Outer  Harbors,  and 
tested  using  the  WES  Rainfall  Simulator/  Lysimeter  System.  Surface  runoff 
water  quality  tests  were  conducted  on  the  wet,  unoxidized  sediment  and  again, 
six  months  later  on  air-dried  and  oxidized  sediment.  Runoff  samples  were 
analyzed  for  suspended  solids,  pH,  conductivity,  and  contaminants. 

Test  results  were  compared  to  the  EPA  Acute  Water  Quality  Criteria  for 
the  Protection  of  Aquatic  Life  (USEPA  1987) ,  and  the  Effluent  and  Receiving 
Water  Limitation  Standards  for  Waste  Discharge  issued  by  the  California 
Regional  Water  Quality  Control  Board  (CRWQCB  1989)  in  response  to  a  permit 
application  by  the  Port  of  Oakland  for  the  disposal  of  Oakland  Harbor  sediment 
as  levee  building  material  at  Twitchell  Island  in  the  Sacramento  River  Delta. 
In  the  absence  of  State  Water  Quality  Standards  for  an  undetermined  disposal 
site,  the  Federal  Water  Quality  criteria  were  assumed  to  be  applicable  to  give 
some  perspective  to  test  results.  Section  401  requires  compliance  with  State 
Water  Quality  standards,  rather  than  Federal  Water  Quality  criteria.  Final 
effluent  limitations  will  be  determined  based  on  the  local  water  quality 
objectives  applicable  to  the  area  where  the  sediment  is  placed.  These  labora¬ 
tory  tests  give  predictions  of  water  quality  for  specific  conditions  ana 
should  be  considered  an  indication  of  the  potential  of  an  effluent,  surface 
runoff  or  leachate  to  meet  or  exceed  applicable  water  quality  standards. 

Surface  runoff  tests.  Two  lysimeters  (4.57  m  by  1.22  m)  were  filled  to 
a  depth  of  0.33  m  with  sediment  from  either  Oakland  Inner  or  Outer  Harbors. 
After  thorough  mixing,  standing  water  on  the  sediment  was  decanted  off  the 
surface  of  each  lysimeter.  A  composite  sediment  sample  was  collected  from 
each  lysimeter  and  analyzed  for  pH,  electrical  conductivity,  arsenic,  cadmium, 
chromium,  copper,  lead,  mercury,  zinc,  tributyltin,  dibutyltin,  and  monobutyl - 
tin,  pesticides,  PAHs  and  PCBs  (USEPA  1986).  Each  sediment  was  then  tested 
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with  the  WES  rainfall  simulator  using  three,  30-min  storm  events  at  5.08-cm/hr 
on  successive  days  (Figures  IV-1,  IV-2,  IV-3),  (Skogerboe  et  al .  1987).  Run¬ 
off  rates  were  measured  every  minute,  and  4-liter  samples  were  collected  for 
chemical  analysis  at  5,  15,  and  25  min  after  the  runoff  began  to  occur.  Addi¬ 
tional  samples  were  collected  for  suspended  solids  determinations  at  several 
additional  points  along  the  surface  runoff  hydrograph.  The  4- liter  samples 
were  combined  into  a  composite  sample  for  each  test  run  and  analyzed  for  fil¬ 
tered  and  unfiltered  heavy  metals,  butyltins,  pesticides,  PAHs  and  PCBs  (USEPA 
1984) . 

The  lysimeters  were  then  covered  with  semi-transparent  tops  which 
allowed  air  movement  over  the  surface  of  the  sediment  (Figure  11-9).  After 
6  months  of  drying  and  oxidation  (Figure  IV-4),  each  sediment  was  sampled  and 
three  storm  events  were  conducted  on  each  lysimeter.  Storm  events,  sample 
collection  and  sample  analysis  were  the  same  as  the  wet  stage  tests. 

One  tailed  t- tests  were  used  to  compare  total  and  filtered  surface  run¬ 
off  concentrations  to  the  assumed  EPA  Fresh  and  Marine  Acute  Water  Quality 
Criteria  for  the  Protection  of  Aquatic  Life  (USEPA  1987),  and  the  assumed 
Effluent  and  Receiving  Water  Limitation  Standards  for  dredging  Oakland  Harbor 
issued  by  CRWQCB  (Table  IV-1)  to  the  Port  of  Oakland.  Contaminant  concentra¬ 
tions  less  than  or  equal  to  the  criteria  or  standards  were  postulated  as  the 
null  hypothesis.  Contaminant  concentrations  greater  than  the  assumed  EPA 
Criteria  or  CRWQCB  standards  served  as  the  alternate  hypothesis.  A  rejection 
of  the  null  hypothesis  Indicated  that  values  were  greater  than  the  assumed 
criteria  or  standards. 

Statistical  procedures  were  used  to  compare  filtered  (soluble)  and 
unfiltered  (total)  contaminant  concentrations  in  surface  runoff  from  both 
sediments.  The  statistical  tests  were  conducted  using  SAS  Analysis  of  Vari¬ 
ance  (ANOVA)  procedure  (Barr  et  al.  1976).  The  null  hypothesis  was  that  all 
concentrations  for  a  particular  contaminant  were  equal.  The  alternate  hypoth¬ 
esis  was  that  at  least  two  contaminant  concentrations  were  not  equal.  Actual 
contaminant  concentrations  that  were  statistically  different  were  determined 
using  the  SAS,  Waller-Duncan  Mean  Separation  Technique.  All  statistical  tests 
were  conducted  at  the  P  -  0.05  level  of  significance.  A  detailed  description 
of  the  tests  was  given  by  Winer  (1971) . 
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Table  IV-1 

Water  Quality  Criteria  and  Standards  for  Comparison  to  Test  Results 


USEPA* 
Marine  Acute 

Parameter  Criteria 

USEPA* 
Fresh  Acute 
Criteria 

Effluent** 

Limitation 

Standards 

Receiving  Water** 
Limitation 
Standards 

Arsenic 

69 

360 

50 

1 

Cadmium 

A3 

3.9 

1.8 

0.65 

Chromium 

1100 

16 

16 

11 

Copper 

2.9 

18 

9.2 

6.5 

Mercury 

2.1 

2. A 

2. A 

0.012 

Lead 

lAO 

82 

3A 

Zinc 

95 

120 

65 

59 

Tributyltin 

-- 

0.080 

0.020 

Dibutyltin 

Monobutyltin 

Total  butyltin 

-- 

*  In  the  absence  of  State  Water  Quality  Criteria  for  an  undetermined 
disposal  site,  it  was  assumed  that  the  Federal  Water  Quality  criteria 
would  apply. 

**  Limitation  standards  issued  by  California  Regional  Water  Quality  Control 
Board  in  response  to  a  permit  application  by  the  Port  of  Oakland  (CRWQCB 
1989)  for  disposal  at  Twitchell  Island. 
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Figure  IV- 1.  Rainfall  Simulation  on  Anaerobic  Oaklaiui  Hari)or  St-cii  m»  nt 

Results 

Wet,  unoxidized  surface  runoff  tests.  Suspemled  solids  coiuh  iit  rat  i  r>ns 
were  A447  mg/L  in  surface  runoff  from  the  wet,  unoxidi^ed  Inner  Haidxir  si'di- 
ment  and  4610  mg/L  from  the  Outer  Harbor  sediment  (Table  IV-7).  These  sus¬ 
pended  solids  concentrations  were  not  statistically  different  ciue  to  large 
variability  that  normally  occurs  during  this  stage  of  the  aging  process. 
Surface  runoff  pH  was  7.96  and  8.11  from  the  two  sediments  and  conductivity 
was  0.99  and  1.55  mV/cm. 

Results  of  the  runoff  tests  showed  that  heavy  metals  in  surface  runoff 
from  both  the  Inner  and  Outer  Harbor  sediments  were  mostly  insoluble. 
Concentrations  of  filtered  (soluble)  metals  were  statistically  less  than 
unfiltered  (total)  concentrations  (Table  IV-3)  except  for  arsenic,  silver,  and 
mercury.  Concentrations  of  heavy  metals  were  compared  to  the  ERA  Fresh  and 
Marine  Acute  Maximum  Criteria  for  the  Protection  of  Marine  Aquatic  Life,  and 
to  the  Effluent  and  Receiving  Water  Limitation  Standards  issued  by  CRWQCB  for 
the  Port  of  Oakland's  permit  application  (Table  IV-1).  Most  of  the  parameters 
determined  in  surface  runoff  unfiltered  samples  were  statistically  greater 
than  at  least  one  of  the  criteria  or  standards  and  several  were  statistically 
greater  than  all  of  the  crite  ia  and  standards.  However,  only  arsenic  and 
copper  concentrations  were  statistically  greater  than  one  criterion  for  fil¬ 
tered  runoff  samples  from  the  Inner  Harbor  sediment .  Arsenic  was  the  only 
parameter  in  surface  runoff  from  the  Outer  Harbor  sediment  that  exceeded  anv 
of  the  criteria  or  standards. 
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FiRurr  IV-2.  Runoff  Rate  Measurements  Were  Taken  Throughout  the 

Rainfall  Simulation 

Concentrations  of  butyltins  were  not  statistically  higher  in  unfiltered 
rvmoff  samples  from  either  the  Inner  or  Outer  Harbor  sediments  compared  to  the 
filtered  samples  (Table  lV-3).  Water  quality  criteria  were  available  only  for 
tributyltin,  and  only  the  unfiltered  runoff  samples  from  the  Inner  Harbor 
sediment  were  statistically  greater  than  the  receiving  water  standards. 

Dry,  oxidized  surface  runoff  tests.  Concentrations  of  suspended  solids 
in  runoff  samples  from  the  dry,  oxidized  tests  were  statistically  less  than 
concentrations  in  samples  from  the  wet,  unoxidized  tests  (Table  lV-2).  The 
runoff  pH  of  samples  from  the  dry,  oxidized  tests  were  statistically  loss  than 
samples  from  the  wet,  unoxidlzed  tests  but  was  still  greater  than  7.0  for  the 
Outer  Harbor  sediment.  Electrical  conductivity  in  samples  from  the  dry,  oxi¬ 
dized  tests  were  not  statistically  different  than  in  samples  from  the  wet, 
unoxidized  tests. 

Unflltered  heavy  metal  concentrations  in  runoff  from  the  dry,  oxidized 
sediments  were  mostly  less  than  concentrations  from  the  wet,  vmoxldlzed  tests 
(Table  lV-3).  However,  unfiltered  concentrations  of  mercury  and  zinc  in  run¬ 
off  from  the  dry,  oxidized  Inner  Harbor  sediment  were  eqvial  to  unflltered 
coticentratlons  from  the  wet,  unoxidlzed  sediment,  but  silver  was  greater. 


Figure  IV- 3.  Soil  Bed  of  Anaerobic  Oakland  Harbor 
Sediment  Just  After  a  Simulated  Rainfall  Event 

Unfiltered  concentrations  of  mercury  in  runoff  from  the  dry,  oxidized  Outer 
Harbor  sediment  were  equal  to  concentrations  from  the  wet,  unoxidized  sedi¬ 
ment,  but  silver  was  again  greater.  Filtered  concentrations  of  arsenic, 
silver,  and  mercury  were  not  statistically  different  from  unfiltered  concen¬ 
trations  in  samples  collected  in  tests  on  either  the  Inner  or  Outer  Harbor 
sediment.  Arsenic,  cadmium,  chromium,  copper,  and  zinc  unfiltered  concentra¬ 
tions  in  runoff  samples  collected  from  the  Inner  Harbor  sediment  were  statis¬ 
tically  greater  than  at  least  one  of  the  assumed  water  quality  criteria  or 
standards,  but  only  arsenic  was  statistically  greater  than  any  of  the  assumed 
criteria  or  standards  for  filtered  samples.  Arsenic,  chromium,  copper  and 
zinc  unfiltered  concentrations  in  runoff  samples  collected  from  the  Outer 
Harbor  sediment  were  statistically  greater  than  at  least  one  of  the  assumed 


64 


Figure  IV-4.  Soil  Bed  of  Dried  and  Oxidized  Oakland 
Harbor  Sediment  Prior  to  Rainfall  Simulation 

water  quality  criteria  or  standards,  and  only  arsenic  was  statistically 
greater  than  any  of  the  assumed  criteria  or  standards  for  filtered  samples. 

Unfiltered  butyltin  concentrations  were  not  statistically  less  in  runoff 
samples  collected  from  the  dry,  oxidized  sediments  than  in  the  wet,  unoxidized 
sediment.  Filtered  butyltin  concentrations  in  runoff  samples  from  the  Inner 
Harbor,  dry  oxidized  sediment  and  unfiltered  and  filtered  concentrations  from 
the  Outer  Harbor,  dry  oxidized  sediment  were  also  not  statistically  different 
from  the  wet,  unoxidized  sediment.  All  tributyltin  concentrations  in  samples 
from  the  dry,  oxidized  sediments  were  not  statistically  greater  than  any  of 
the  assumed  water  quality  criteria  or  standards. 

Discussion 

Changes  did  occur  in  the  sediment  during  the  drying  and  oxidation  pro¬ 
cess,  and  surface  runoff  water  quality  was  affected.  Surface  runoff  pH  levels 
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Table  IV-2 

Surface  Runoff  Physical  Water  Quality  from  Oakland 
Harbor  Sediments 


Parameter* 


(OHIl) 
Inner,  Wet 
Sediment 


(OHIl) 
Inner,  Dry 
Sediment 


(OHO) 

Outer,  Wet 
Sediment 


(OHO) 

Outer,  Dry 
Sediment 


Suspended  Solids 
(mg/L)** 

pH 


Electrical 

Conductivity 

(mV/cm) 


4447  A 
(3226-6124) 


1686  B 
(1224-2324) 


4610  A 
(3348-6355) 


1749  B 
(1270-2409) 


7.97  A 
(7.74-8.19) 


6.88  B 
(6.66-7.11) 


8.  11  A 
(7,88-8. 33) 


7.02  B 
(6. 79-7.24) 


0.99  B 
(0.2) -1.78) 


2.41  AB 
(1.63-3.20) 


1.55  AB 
(0.76-2. 34) 


2,97  A 
(2.18-3.75) 


*  Mean  concentrations  followed  by  the  same  letter  within  each  parameter  were 
not  statistically  significantly  different. 

**  Numbers  in  parentheses  represent  the  95%  confidence  interval  about  the 
mean . 


were  statistically  less  after  the  sediment  had  dried  and  oxidized;  however, 
the  pH  level  remained  near  7.0  for  both  the  Inner  and  Outer  Harbor  sediments. 
This  contrasts  with  many  other  sediments  tested  at  the  WES,  where  pH  levels  in 
runoff  from  dry,  oxidized  sediments  ranged  from  5.0  to  6.5.  The  two  sediments 
were  statistically  less  erosive  after  drying  and  oxidation.  Electrical  con¬ 
ductivity  was  not  statistically  reduced  after  drying  and  oxidation,  however 
values  were  relatively  low  compared  to  many  marine  sediments. 

Concentrations  of  heavy  metals  in  surface  runoff  were  highest  in  unfil¬ 
tered  samples  collected  from  the  wet,  unoxidized  sediments,  and  except  for 
arsenic,  silver  and  mercury,  heavy  metals  were  mostly  insoluble  and  bound  to 
the  suspended  solids  during  the  wet,  unoxidized  stage  of  the  sediments. 

Silver  and  mercury  concentrations  were  close  to  or  less  than  the  detection 
limits  where  analytical  variability  was  relatively  high  and  statistical  dif¬ 
ferences  were  not  detected.  Tributyltin  concentrations  were  highest  in  the 
unfiltered  runoff  from  the  wet,  unoxidized  Inner  Harbor  sediment,  but  filtered 
concentrations  were  not  statistically  different  between  the  sediments. 

After  drying  and  oxidation,  concentrations  of  heavy  metals  in  unfiltered 
surface  runoff  samples  from  both  sediments  were  reduced.  Concentrations  of 
cadmium,  chromium,  copper,  lead,  and  zinc  in  filtered  samples,  however,  were 
not  statistically  reduced  by  the  drying  and  oxidation  process.  Heavy  metals 
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Table  IV- 3 


Parameter 

Unfiltered 

Filtered 

Unfiltered 

Filtered 

Arsenic  ** 
(Mg/L) 

22.5  A  * 
(12.7-39.8)*** 

12.6  AB  * 
(7.13-22.3) 

3.72  B  * 
(2.10-6.61) 

2.08  B  * 
(1.13-3.84) 

Silver 

(/<g/L) 

0.16  C 
(0.13-0.20) 

0.14  C 
(0.11-0.17) 

1.11  AB 
(0.90-1.36) 

0.93  B 
(0.74-1.16) 

Cadmium 

(^g/L) 

9.12  A  *#@ 
(5.60-14.8) 

0.99  C 
(0.61-1.61) 

2.69  B  * 
(1.65-4.40) 

0.29  D 
(0.17-0.49) 

Chromium 

(Pg/L) 

78.0  A  *#@ 
(62.8-97.0) 

2.97  C 
(2.39-3.70) 

34.0  B  *#<a 
(27.3-42.4) 

1.30  D 
(1.03-1.64) 

Copper 

(Mg/L) 

162  A  $@#* 
(130-203) 

6.66  C  $ 
(5.32-8.33) 

84.4  B  $@#* 
(67.3-106) 

3.46  D 
(2.72-4.40) 

Mercury 

(Mg/L) 

0.0014  A 
(0.0005-0.0039) 

0.0006  A 

(<  0.0004-0.0017) 

0.0043  A 
(0.0015-0.0122) 

0.0019  A 
(0.0006-0.0057) 

Lead 

(/ig/L) 

46.0  A 
(32.9-64.5) 

0.71  CD 
(0.51-0.99) 

22.0  B 
(15.7-31.0) 

0.34  D 
(0.24-0.49) 

Zinc 

(Mg/L) 

395  A  $@#* 
(250-627) 

21.7  C 
(13.7-34.4) 

206  A  $@#* 
(130-328) 

11.3  CD 
(6.91-18.6) 

Tetrabutyltin 

(ng/L) 

2.14  AB 
(1.65-2.78) 

1.49  B 
(1.15-1.93) 

3.38  A 
(2.63-4.33) 

2.35  AB 
(1.77-3.12) 

Tributyltin 

(ng/L) 

47.9  A  * 
(31.6-72.8) 

22.5  AB 
(14.8-34.2) 

16.2  B 
(10.9-24.3) 

7.62  BC 
(4.84-12.0) 

Dibutyltin 

(ng/L) 

19.7  A 
(12.1-31.9) 

8.85  AB 
(5.47-14.3) 

13.1  AB 
(8.31-20.8) 

5.89  B 
(3.49-9.94) 

Monobutyltin 

(ng/L) 

5.64  AB 
(3.02-10.5) 

2.40  B 
(1.28-4.49) 

13.2  A 
(7.28-24.1) 

5.63  AB 
(2.85-11.1) 

(Continued) 
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Table  IV- 3  (Concluded) 


_ Inner  Sediment _ _ 

Wet _  _ Dry 


Parameter 

Unfiltered 

Filtered 

Unfiltered 

Filtered 

Arsenic 

32.0  A  * ** *** 

17.9  A  * 

5.29  B  * 

2.96  B  * 

(/ig/L) 

(17.4-58.9) 

(10.1-31.8) 

(2.99-9.35) 

(1.67-5.23) 

Silver 

0.21  C 

0.18  C 

1.45  A 

1.22  AB 

(Mg/L) 

(0.17-0.27) 

(0.15-0.22) 

(1.18-1.78) 

(0.99-1.50) 

Cadmium 

3.19  B  *# 

0.35  D 

0.94  C 

0.10  E 

(A*g/L) 

(1.89-5.38) 

(0.21-0.57) 

(0.58-1.53) 

(0.06-0.17) 

Chromium 

69.3  A  @#* 

2.64  C 

30.2  B  @#* 

1.15  D 

(Mg/L) 

(54.9-87.5) 

(2.12-3.29) 

(24.3-37.6) 

(0.93-1.43) 

Copper 

155  A  $@#* 

6.33  C 

80.2  B  $@#* 

3.29  D 

(Mg/L) 

(148-522) 

(2.18-10.2) 

(29.3-106) 

(1.59-8.11) 

Mercury 

0.0007  A 

0.0003  A 

0.0020  A 

0.0009  A 

(/ig/L)  (<0.0004-0.0020) 

(<0.0004-0.0008) 

(0.0007-0.0057)  (<0, 

.0004-0.0025) 

Lead 

65.2  A  #* 

1.01  C 

31.2  B 

0.48  D 

(Mg/L) 

(45.4-93.6) 

(0,72-1.41) 

(22.3-43.8) 

(0.34-0.67) 

Zinc 

294  A  $@#* 

16.2  CD 

153  B  $#* 

8.41  D 

(Mg/L) 

(179-482) 

(10.1-25.7) 

(96.8-243) 

(5.31-13.3) 

Tetrabutyltin 

1.81  B 

1.26  B 

2.85  AB 

1.98  B 

(ng/L) 

(1.37-2.4J) 

(0.96-1.64) 

(2.20-3.70) 

(1.50-2.62) 

Tributyltin 

16.0  B 

7.51  BC 

5.42  C 

2.54  C 

(ng/L) 

(10.2-25.1) 

(4.90-11.5) 

(3.57-8.22) 

(1.63-3.97) 

Dibutyltin 

16.1  AB 

7.19  B 

10.7  AB 

4.79  B 

(ng/L) 

(9.55-27.0) 

(4.41-11.7) 

(6.62-17.3) 

(2.87-8.00) 

Monobutyl tin 

3.65  B 

1.55  B 

8.58  A5 

3.65  B 

(ng/L) 

(1.86-7.18) 

(0.82-2.94) 

(4.60-16.0) 

(1.87-7.10) 

*  Mean  concentration  was  statistically  greater  that  the  assumed  Receiving 
Water  Limitation  Criteria. 

**  Mean  concentrations  followed  by  the  same  letter  within  each  parameter 
were  not  statistically  different. 

***  Numbers  in  parentheses  represent  the  95%  confidence  interval  about  the 
mean. 

#  Mean  concentration  was  statistically  greater  than  the  assumed  Effluent 
Limitation  Criteria. 

@  Mean  concentration  was  statistically  greater  that  the  assumed  USEPA 
Fresh  Water  Acute  Criteria. 

$  Mean  concentration  was  statistically  greater  than  the  assumed  USEPA 
Marine  Water  Criteria. 
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Table  IV -4 


Surface  Runoff  Contaminants  ExceedinE 
Water  Quality  Criteria  or  Standards 


Parameter 

USEPA* 
Marine  Acute 
Criteria 

USEPA* 
Fresh  Acute 
Criteria 

Effluent** 

Limitation 

Standards 

Receiving  Water** 
Limitation 
Standards 

Inner  Sediment 

Unfiltered, 
wet,  unoxldized 

Copper 

Zinc 

Cadmium 

Chromium 

Copper 

Zinc 

Cadmium 

Chromium 

Copper 

Zinc 

Arsenic 

Cadmium 

Chromium 

Copper 

Zinc 

Tributyltin 

Filtered, 
wet,  unoxidized 

Copper 

none 

none 

Arsenic 

Unfiltered, 
dry,  oxidized 

Copper 

Zinc 

Chromium 

Copper 

Zinc 

Chromium 

Copper 

Zinc 

Arsenic 

Cadmium 

Chromium 

Copper 

Zinc 

Filtered, 
dry,  oxidized 

none 

none 

none 

Arsenic 

Outer  Sediment 

Unfiltered, 
wet,  unoxldized 

Copper 

Zinc 

Chromium 

Copper 

Zinc 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Filtered, 
wet,  unoxldized 

none 

none 

none 

Arsenic 

Unfiltered, 
dry,  oxidized 

Copper 

Zinc 

Chromium 

Copper 

Zinc 

Chromium 

Copper 

Zinc 

Arsenic 

Chromium 

Copper 

Zinc 

Filtered, 
dry,  oxidized 

none 

none 

none 

Arsenic 

*  In  the  absence  of  State  Water  Quality  Standards,  it  was  assumed  that  the 
Federal  Water  Quality  Criteria  would  apply. 

**  See  Table  IV- I. 
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in  runoff  from  both  the  sediments  were  more  soluble  after  drying  and  oxida¬ 
tion,  however  a  large  portion  of  the  heavy  metals  in  surface  runoff  remained 
bound  to  the  particulates. 

Concentrations  in  surface  runoff  of  many  of  the  heavy  metals  were  sta¬ 
tistically  greater  than  one  or  more  of  the  assumed  water  quality  criteria  or 
standards  in  unfiltered  samples  from  the  wet,  unoxidized  sediments  (Table  IV- 
4) .  Tributyltin  concentrations  in  unfiltered  runoff  from  the  Inner  Harbor 
sediment  also  exceeded  the  assumed  Receiving  Water  Limitation  Standards. 

Copper  concentrations  in  filtered  surface  runoff  samples  from  the  Inner  Harbor 
sediment  statistically  exceeded  assumed  the  EPA  Acute  criteria  for  marine 
environments.  Only  arsenic  concentrations  in  the  dry,  oxidized  Inner  and 
Outer  Harbor  sediments  filtered  runoff  samples  were  statistically  greater  than 
the  assumed  Receiving  Water  Limitation  Standards.  The  difference,  however, 
was  only  about  1  /ig/L.  Several  heavy  metal  parameters  in  unfiltered  runoff 
samples  from  both  dry,  oxidized  sediments  were  statistically  greater  than  one 
or  more  of  the  assumed  criteria  or  standards.  Tributyltin  concentrations, 
however,  were  not  statistically  greater  than  any  of  the  criteria  or  standards. 
Only  arsenic  in  filtered  runoff  samples  from  both  of  the  dry,  oxidized  sedi¬ 
ments  exceeded  the  assumed  Receiving  Water  Limitation  Standards. 

Surface  Runoff  Impacts  and  Controls 

Contaminants  in  surface  runoff  from  the  Inner  and  Outer  Oakland  Harbor 
sediments  were  mostly  bound  to  the  sediment  particulates.  Significant  quanti¬ 
ties  of  arsenic,  cadmium,  chromiiim,  copper,  zinc,  and  tributyltin  could  be 
eroded  from  an  upland  disposal  site  during  the  wet,  unoxidized  stage,  if  the 
suspended  solids  were  not  removed  from  the  runoff.  Generally  surface  runoff 
concentrations  from  the  Inner  Harbor  sediment  were  not  significantly  different 
than  concentrations  from  the  Outer  Harbor  sediment. 

Potential  surface  runoff  water  quality  problems  during  the  wet,  unoxi¬ 
dized  period  of  upland  disposal  would  mostly  be  associated  with  erosion  of 
particulates.  Management  of  the  upland  disposal  site  to  remove  particulates 
from  surface  runoff,  would  remove  90  to  99  percent  of  all  contaminants  in 
surface  runoff.  Only  soluble  copper  concentrations  in  runoff  from  the  Inner 
sediment  exceeded  the  assumed  EPA  Acute  water  quality  criteria  for  marine 
environments  and  soluble  arsenic  exceeded  the  Receiving  Water  Limitation  Stan¬ 
dards.  Soluble  arsenic  concentrations  exceeded  the  assumed  Receiving  Water 
Limitation  Standards  in  runoff  from  the  Outer  harbor  sediment  but  copper  did 
not  exceed  the  assumed  EPA  criteria.  Consideration  of  a  mixing  zone  at  the 


discharge  point  from  the  upland  disposal  site  and/or  further  treatment  will  be 
required  for  those  soluble  contaminants.  A  mixing  zone  ratio  of  about  10  to 
1,  receiving  water  to  runoff  water,  would  be  required  to  dilute  arsenic  con¬ 
centrations  in  surface  runoff  water  to  the  assumed  Receiving  Water  Limitation 
Standards.  A  ratio  of  3  to  1  would  be  required  to  dilute  copper  concentra¬ 
tions  to  the  assumed  EPA  water  quality  criteria  for  marine  environments. 

Potential  problems  in  surface  runoff  from  dry,  oxidized  sediments  should 
occur  only  from  copper,  chromium,  zinc,  cadmium  and  arsenic  bound  to  the  sus¬ 
pended  solids.  Only  soluble  arsenic  exceeded  the  Receiving  Water  Limitation 
Standards  in  both  sediments.  Consideration  of  a  mixing  zone  or  removal  of  the 
suspended  solids  should  eliminate  the  need  for  further  restrictions  particu¬ 
larly  with  regard  to  treatment  of  soluble  contaminants.  Establishment  of 
vegetation  either  by  natural  succession  or  by  planting  would  further  reduce 
contaminant  concentrations  in  surface  runoff.  A  mixing  zone  of  less  than  10 
to  1  will  be  required  to  dilute  unfiltered  contaminant  concentrations  to  less 
than  or  equal  to  the  strictest  assumed  criteria  or  standard,  and  a  mixing  zone 
of  about  2  to  1  will  be  required  for  soluble  arsenic. 

Biological  Evaluation 


Methods  and  Materials 

Aquatic  bioassay  tests  were  performed  on  whole,  unfiltered  water  samples 
obtained  from  the  WES  rainfall  simulator.  This  system  provides  replicate 
water  samples  on  consecutive  days  for  chemical  analyses.  For  these  bioassays, 
gallon  samples  from  three  days  were  composited  and  tested  as  one  runoff  sam¬ 
ple.  Samples  generally  were  clear  liquid  with  a  0.5  cm  layer  of  grey  sediment 
at  the  bottom  of  the  jar.  This  sediment  was  resuspended  to  the  water  column 
prior  to  the  bioassay  tests.  Salinity  of  the  runoff  samples  was  very  low,  0 
to  1  parts  per  thousand  (ppt).  Bioassays  were  conducted  at  three  salinities 
(0  to  1  ppt  or  freshwater,  12  ppt,  and  24  ppt)  by  using  a  small  volume  of  high 
salinity  (80-ppt)  laboratory  water  to  adjust  the  runoff  sample.  Test  species 
were  Daphnia  magna  (freshwater  tests)  and  a  Pacific  mysid  species,  Neomysis 
mercedes ,  for  the  estuarine  and  marine  tests.  The  animals  were  exposed  to 
different  percentages  of  unfiltered  water  samples  for  96  hours  in  a  tempera¬ 
ture-controlled  environmental  chamber.  Test  temperatures  were  18-20  °C  and 
photoperiod  was  14:10  hours  L:D.  Test  chambers  were  one  liter  beakers,  each 
containing  800  ml  of  test  water  and  10  test  animals;  there  were  five  replicate 
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beakers  for  each  test  treatment.  Suspended  sediment  was  allowed  to  settle 
during  the  bioassay.  Controls  were  exposed  to  clean  laboratory  water  used  to 
hold  and  culture  the  Daphnia  and  Neoaysis.  This  water  was  also  used  to  dilute 
the  runoff  water  when  necessary.  For  example  a  50  %  beaker  contained  400  ml 
of  runoff  water  and  400  ml  of  clean  culture  water  of  the  proper  salinity. 

Test  animals  were  observed  during  the  tests  but  actual  counts  of  each  beaker 
were  only  possible  at  the  end  of  the  96-hour  test  period.  Dissolved  oxygen 
concentrations  in  the  beakers  were  normally  greater  than  6  parts  per  million 
(ppm)  and  at  times  were  measured  as  high  as  12-14  ppm  due  to  algae  growth. 

The  pH  levels  of  the  test  waters  were  in  the  normal  range  for  saltwater,  7.6  - 
8.4  and  were  lower  for  the  freshwater  tests,  7.2  -  7.4. 

All  bioassays  were  started  within  3  to  5  days  after  water  samples  were 
obtained.  Samples  were  held  under  refrigeration  while  waiting  for  the  next 
days  sample,  or  while  animals  or  test  equipment  was  being  prepared.  It  was 
not  possible  to  conduct  all  of  the  bioassays  at  the  various  salinities  simul¬ 
taneously.  Each  set  of  bioassays  (Oakland  Inner  or  Oakland  Outer  Harbor)  took 
approximately  2  weeks  to  complete. 

Results  and  Discussion 

Tables  IV- 5  to  IV- 10  show  percent  survival  of  Daphnia  and  Neomysis 
exposed  to  different  concentrations  of  runoff  water  compared  to  controls. 
Daphnia  results  are  presented  in  Tables  IV-5  and  IV-IO.  Following  those  data 
are  the  Neomysis  at  12-ppt  and  Neomysis  at  24-ppt  salinity.  There  are  six 
Tables  -  three  for  Oakland  Inner  Harbor  and  three  for  Oakland  Outer  Harbor. 
Tables  IV-11  and  IV-12  show  Daphnia  bioassays  of  dried  sediment  runoff  water. 

Exposure  of  these  sensitive  test  animals  to  Oakland  sediment  runoff 
waters  shows  little  potential  for  aquatic  toxicity.  Mean  survival  was  usually 
greater  than  90  percent  for  all  treatments,  even  for  animals  exposed  to  100 
percent  runoff  water.  Where  a  lower  survival  rate  was  shown,  such  as  for  the 
Neomysis  exposed  to  Oakland  Outer  Harbor  at  24-ppt  salinity,  the  data  for  the 
controls  also  revealed  some  beakers  with  lower  survival.  The  Daphnia,  in  some 
cases,  showed  evidence  that  fine  sediment  particles  were  attaching  to  their 
bodies  and  physically  affecting  them.  Fine  sediment  particles  may  have  made 
it  more  difficult  for  them  to  swim  normally.  This  was  more  likely  to  occur 
during  the  dry  sediment  (after  six  months)  bioassays.  The  mysids  were  some¬ 
times  prone  to  damage  while  being  placed  in  the  exposure  beakers.  If  these 
animals  were  not  identified  immediately,  then  they  were  counted  as  casualties 
the  next  day  or  at  the  end  of  the  test.  These  factors  may  account  for  1  or  2 
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(out  of  the  50  individuals)  of  the  casualties  observed  in  each  of  the 
bioassays.  Thus  the  data  from  these  bioassays  do  not,  in  any  way,  indicate 
aquatic  toxicity  associated  with  these  runoff  waters. 
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Table  IV -6 

1  of  Neomvsls  Exposed  to  Anaerobic  Oakland  Inner  Harbor 

I 


va 


Table  IV- 7 


d  Inner  Harbo 


Table  IV -8 

Percent  Survival  of  Daohnla  Exposed  to  Oakland  Outer  Harbor  Sediment 

Runoff  Water  for  96  Hours 


R^pl.ica(e 

Percent  Survival 

Controls 

1 

90 

2 

100 

3 

100 

4 

90 

5 

100 

10  % 

1 

100 

2 

100 

3 

90 

4 

90 

5 

90 

50  % 

1 

40 

2 

100 

3 

80 

4 

90 

5 

80 

100  % 

1 

100 

2 

90 

3 

90 

4 

90 

5 

80 

77 


Table  IV -9 
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Table  IV- 10 


Percent  Survival  of  Neoinvsls  Exposed  to  Oakland  Outer  Harbor  Sediment 
Runoff  Water  at  24-ppt  Salinity  for  96  Hours 


Treatment 


Replicate 


Percent  Surv 


Controls  1  70 

2  50 

3  70 

4  100 

5  100 

50  %  1  80 

2  70 

3  80 

4  80 

5  70 

100  %  1  100 

2  80 

3  100 

4  80 

5  70 


*  The  10%  treatment  not  conducted  due  to  the  availability  of  test  animals 
and  because  previous  Oakland  Outer  tests  (at  0  and  12  ppt)  had  not 
demonstrated  any  toxicity. 


Table  IV- 11 


Table  IV- 12 


Percent  Survival  of  Daohnia  Exposed  to  Oxidized  Oakland  Outer 
Harbor  Sediment  Runoff  Water  for  96  Hours 


Treatment 

Replicate 

Percent  Survival 

Controls 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

50  % 

1 

100 

2 

100 

3 

100 

4 

100 

5 

100 

100  % 

1 

100* 

2 

100 

3 

100 

4 

100 

5 

100 

*  An  earlier  bioassay  of  dry  Oakland  Outer  100  %  indicated  toxicity  associated 
with  fine  sediment  particles  in  unfiltered  elutriates. 
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PART  V:  LEACHATE  TEST 


When  contaminated  dredged  material  is  placed  in  a  confined  disposal 
facility,  contaminants  may  be  mobilized  and  transported  to  the  site  boundaries 
by  leachate  generation  and  seepage.  Subsurface  drainage  through  foundation 
soils  and  dikes  may  then  reach  adjacent  surface  and  ground  waters  and  act  as  a 
source  of  contamination.  Many  chemical  processes  potentially  affect  leachate 
quality  in  dredged  material,  including  sorption,  ion-exchange,  dissolution  and 
precipitation,  oxidation- reduction,  and  complexation.  Leachate  flow  and  gen¬ 
eration  is  also  affected  by  the  hydraulic  properties  of  the  dredged  material 
and  the  disposal  site  hydrogeology. 

Laboratory  tests  and  predictive  techniques  are  under  development  that 
are  designed  to  provide  a  basis  for  evaluating  potential  leachate  impacts 
(Hill,  Myers,  and  Brannon  1988;  Louisiana  Water  Resources  Research  Institute 
1990;  Myers,  Brannon,  and  Price  1992).  The  laboratory  procedures  and  inter¬ 
pretation  protocols  used  in  this  report  are  still  developmental;  thus, 
descriptions,  applications,  and  limitations  of  the  procedures  are  required. 

Methods  and  Materials 


Oxidized  Sediment  Preparation 

Sediment  used  in  aerobic  testine  was  first  placed  into  38-1  glass  aquar¬ 
iums  to  a  depth  of  approximately  6  cm.  The  sediment  was  allowed  to  oxidize  at 
ambient  temperature.  Each  week  the  sediment  was  thoroughly  mixed  to  expose 
fresh  sediment  surfaces  to  the  air.  When  necessary,  deoxygenated  distilled- 
deionized  (DDI)  water  was  added  to  the  sediment  to  maintain  the  original  mois¬ 
ture  condition.  At  the  end  of  six  months,  the  sediment  was  again  thoroughly 
mixed  before  being  used  in  testing. 

Kinetic  Batch  Testing 

Batch  testing  was  performed  to  determine  shaking  time  necessary  to 
achieve  equilibrium  or  steady-state  concentrations  of  metals  and  butyltin  in 
leachate.  The  general  experimental  sequence  is  presented  in  Table  V-1. 

For  testing  metal  releases  from  anaerobic  Oakland  Inner  and  Outer  Harbor 
sediments,  triplicate  250-ml  polycarbonate  centrifuge  tubes  fitted  with  a 
leakproof,  airtight  top  were  loaded  with  200  g  of  sediment  and  deoxygenated 
distilled-deionized  (DDI)  water  at  a  4:1  water -to -sediment  dry  weight  ratio. 
All  operations  were  conducted  in  a  glove  box  under  a  nitrogen  atmosphere 
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Table  V-1 


Experimental  Sequence  for  Determining  Appropriate  Shaking  Times 
for  Kinetic  Testing  of  Oakland  Harbor  Sediments 


Step  1  PLACE  SEDIMENT  IN  APPROPRIATE  CENTRIFUGE  TUBE  (STAINLESS  STEEL  OR 
POLYCARBONATE),  ADD  SUFFICIENT  DEOXYGENATED-DISTILLED  WATER  TO 
MAINTAIN  WATER-TO- SEDIMENT  RATIO  OF  4:1. 


Step  2  PLACE  CENTRIFUGE  TUBES  FOR  METALS  ON  RECIPROCATING  SHAKER  AND  SHAKE 
AT  160  CYCLES  PER  MINUTE.  PLACE  CENTRIFUGE  TUBES  FOR  TRIBUTYLTIN 
AND  PAHs  IN  ROTARY  MIXER  AND  TURN  AT  40  REVOLUTIONS  PER  MINUTE. 


Step  3  REMOVE  TUBES  (ENOUGH  FOR  TRIPLICATE  SAMPLES)  FROM  SHAKER  AT 

APPROPRIATE  INTERVALS:  1,  2,  AND  7  DAYS  FOR  TRIBUTYLTIN  AND  PAHs 
AND  6  HR,  1,  2,  3,  7,  AND  10  DAYS  FOR  METALS. 


Step  4  CENTRIFUGE  FOR  30  MINUTES  AT  6 , 500  X  g  FOR  TRIBUTYLTIN  AND  PAHs  AND 
13,000  X  g  FOR  METALS. 


Step  5  FILTER  CENTRIFUGED  LEACHATE  THROUGH  A  0.45-/im  PORE  SIZE  MEMBRANE 

FILTER  FOR  METALS,  AND  THROUGH  A  WHATMAN  GF/D  GLASS -FIBER  PREFILTER 
AND  A  GELMAN  AE  GLASS-FIBER  FILTER  WITH  A  l-^ni  NOMINAL  PORE  SIZE  FOR 
TRIBUTYLTIN  AND  PAHs. 


Step  6  ACIDIFY  LEACHATE  FOR  METALS  AND  PAH  ANALYSIS  WITH  ULTREX  NITRIC  ACID. 

STORE  SAMPLES  FOR  ANALYSIS  OF  TRIBUTYLTIN  AND  PAHs  IN  GLASS  BOTTLES 
AND  FREEZE  UNTIL  ANALYSIS.  STORE  LEACHATE  FOR  METALS  ANALYSIS  IN 
PLASTIC  BOTTLES. 


(Figure  V-1).  Nineteen  centrifuge  tubes  were  loaded  to  allow  triplicate  sam¬ 
pling  at  6  hrs ,  and  at  1,  2,  3,  7,  and  10  days  and  a  procedure  blank.  Samples 
were  placed  horizontally  on  a  reciprocating  shaker  at  160  strokes  per  minute 
(spm)  for  the  allotted  time.  Three  tubes  for  each  sediment  (Oakland  Inner  and 
Outer  Harbor  sediments)  were  removed  from  the  shaker  and  centrifuged  at 
9,000  rpm  (13,000  x  g)  for  30  minutes.  The  supernatant  was  filtered  u  ider  a 
nitrogen  atmosphere  through  0.45-/<m  membrane  filters  (Figure  V-2).  The  fil¬ 
trate  was  acidified  to  pH  1  with  concentrated  Ultrex  nitric  acid  and  stored  in 
plastic  bottles  until  analyzed. 
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Figure  V-1.  Anaerobic  Sediments  Were  Leached  Under  a  Nitrogen 

Atmosphere  in  a  Glove  Box 


Kinetic  testing  for  tributyltin  and  PAHs  in  anaerobic  Oakland  Inner  and 
Outer  sediment  was  conducted  in  specially  fabricated  450-ml  stainless  steel 
centrifuge  tubes  (Figure  V-3).  Twenty-one  centrifuge  tubes  (sufficient  for 
three  replicates),  double-rinsed  with  acetone,  were  loaded  with  sufficient 
sediment  and  deoxygenated  DDI  water  to  obtain  a  4:1  water -to -sediment  dry 
weight  ratio.  The  total  mass  (approximately  350  g)  of  sediment  and  water  was 
adjusted  to  allow  the  tube  to  be  safely  centrifuged  at  6,200  rpm  (6,500  x  g) . 
All  operations  were  conducted  under  a  nitrogen  atmosphere.  The  tubes  were 
placed  in  a  rotary  tumbler  and  turned  end  over  end  at  40  rpm  for  periods  of  1, 
2,  and  7  days.  At  the  appointed  times,  the  samples  were  removed  from  the 
tumbler  and  centrifuged  for  30  min.  Resulting  supernatants  were  filtered 
through  a  Whatman  GF/D  prefilter  and  a  Gelman  AE  filter  with  a  nominal  pore 
size  of  1.0  /im  The  filters  (Whatman  GF/D  prefilters  and  Gelman  AE  filters) 
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Figure  V-2.  Filtering  of  Anaerobic  Sediment  Leachates  Are 
Performed  in  a  Nitrogen  Atmosphere 


are  binderless,  glass-fiber  containing  no  detectable  organic  contaminants.  As 
a  further  precaution  against  contamination,  the  filters  were  combusted  at 
400  °C  prior  to  use.  Filtration  was  conducted  under  a  nitrogen  atmosphere; 
samples  for  tributyltin  were  frozen  immediately  in  acetone-rinsed  2-L  glass 
bottles  and  kept  frozen  until  analyzed.  Samples  for  PAHs  were  acidified  with 
a  few  drops  of  Ultrex  nitric  acid  and  refrigerated  at  4  °C  in  acetone  -  rinsed 
2-L  glass  bottles  until  analyzed. 

Sequential  Batch  Testing 

A  4:1  water- to-sediment  ratio  and  a  shaking  time  of  24  hr  were  used  in 
the  sequential  batch  leach  tests  for  Oakland  Harbor  sediments.  General  test 
procedures  for  assessing  steady-state  leachate  and  sediment  metal,  PAH,  and 
tributyltin  concentrations  are  detailed  in  Table  V-2.  Sequential  batch  tests 
for  metals  under  anaerobic  conditions  were  conducted  in  triplicate  250-ml 


figure  V-3.  Centrifuge  Tubes  With  Anaerobic  Sediment  Are  Stored 

Under  a  Nitrogen  Atmosphere 

polycarbonate  centrifuge  bottles  with  leakproof  caps.  Each  centrifuge  tube 
was  loaded  under  a  nitrogen  atmosphere  with  anaerobic  Oakland  Harbor  (Inner  or 
Outer)  sediment  and  deoxygenated  DDI  water  to  a  4 ; 1  water- to-sedimcnt  ratio. 
Tubes  were  mechanically  shaken  for  24  hr  and  centrifuged  at  13,000  x  g  for 
30  min.  Most  of  the  leachate  from  each  250-ml  centrifuge  bottle  was  filtered 
through  a  0.45-/jm  membrane  filter.  The  unfiltered  leachate  was  analyzed  for 
pH  using  a  combination  electrode  and  a  millivolt  meter  and  for  conductivity 
using  a  Yellow  Springs  Instrument  Company  conductivity  meter  and  cell.  Fresh 
deoxygenated  DDI  water  was  added  to  replace  the  leachate  removed  for  analysis. 
The  procedure  described  above  for  sequentially  contacting  anaerobic  Oakland 
Harbor  sediment  with  clean  water  was  repeated  seven  times.  The  same  genv ral 
procedure  was  repeated  for  aerobic  batch  leach  tests  for  metals,  except  that 
anaerobic  conditions  were  not  maintained. 


86 


Table  V-2 


Test  Sequence  for  Sequential  Batch  Leaching  of  Anaerobic  Oakland 
Harbor  Sediment  for  Metals.  PAHs  and  Tributvltin 


Step  1  LOAD  SEDIMENT  INTO  APPROPRIATE  CENTRIFUGE  TUBES;  250-ML 

F  /1.YCARB0NATE  FOR  METALS  AND  450-ML  STAINLESS  STEEL  FOR  TRIBUTYLTIN 
AND  PAHs.  ADD  SUFFICIENT  WATER  TO  EACH  TUBE  TO  BRING  FINAL  WATER- 
TO- SEDIMENT  RATIO  TO  4:1.  LOAD  SUFFICIENT  NUMBER  OF  STAINLESS  STEEL 
TUBES  TO  OBTAIN  SUFFICIENT  LEACHATE  FOR  ANALYSIS. 


Step  2  GO  THROUGH  STEP  2  IN  TABLE  V-1. 


Step  3  CENTRIFUGE  FOR  30  MIN  AT  6,500  x  g  FOR  TRIBUTYLTIN  AND  PAHs  AND 
13,000  X  g  FOR  METALS. 


Step  4  FILTER  LEACHATE  THROUGH  0.45-/ini  MEMBRANE  FILTERS  FOR  METALS  OR 

THROUGH  WHATMAN  GD/F  GLASS -FIBER  PREFILTERS  FOLLOWED  BY  GELMAN  AE 
GLASS -FIBER  FILTERS  OF  l.O-fim  NOMINAL  PORE  SIZE  FOR  TRIBUTYLTIN 
AND  PAHs.  SET  ASIDE  A  SMALL  AMOUNT  OF  LEACHATE  PRIOR  TO 
ACIDIFICATION  FOR  ANALYSIS  OF  pH,  CONDUCTIVITY,  AND  TOC. 


Step  5  RETURN  TO  STEP  2  AFTER  REPLACING  LEACHATE  WITH  DEOXYGENATED- DISTILLED 
WATER.  REPEAT  THE  ENTIRE  PROCEDURE  THE  DESIRED  NUMBER  OF  TIMES. 


Notes:  Testing  sequence  is  the  sane  for  aerobic  sediments  except 

that  anaerobic  integrity  is  not  maintained. 

Testing  of  Oakland  Harbor  sediment  for  butyltin  and  PAH  compounds  was 
conducted  as  described  for  metals,  except  that  450-ml  stainless  steel 
centrifuge  tubes  were  used.  Filtration  procedures  used  for  butyltin  and  PAH 
compounds  were  as  previously  described  for  butyl  tin  and  PAH  kinetic  batch 
testing.  A  subsample  of  filtered  leachate  was  set  aside  from  both  the  anaero¬ 
bic  and  aerobic  tests  for  analysis  of  total  organic  carbon.  After  each  cycle, 
the  sediment  was  remixed  with  DDI  water,  shaken  for  24  hr,  and  then  processed 
as  previously  described.  Three  replicates  were  taken  through  six  leach  cycles 
for  the  anaerobic  and  aerobic  testing. 
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Column  Leach  Testing 

Column  leach  tests  were  conducted  in  large  diameter- to- length  columns 
designed  specifically  for  sediment  and  dredged  material  leaching  (Figure  V-4) . 
The  apparatus  was  designed  to  simulate  anaerobic  leaching  of  dredged  material 
in  a  continuous  flow  mode,  minimize  wall  effects,  hold  pore  water  velocities 
to  about  10'^  cm/sec  or  less,  elute  10  or  more  pore  volumes  in  six  months,  and 
produce  sufficient  sample  volume  for  chemical  analysis  of  fractional  pore 
volume  samples.  Design  of  a  leaching  column  with  these  performance 


Figure  V-4.  Dredged  Material  Leaching  Column 
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characteristics  for  sediments  with  low  hydraulic  conductivities  was  described 
by  Myers,  Gambrell,  and  Tittlebaum  (1991). 

Sediment  was  placed  in  leaching  columns  at  in- situ  water  content  in 
small  increments,  and  manually  vibrated  with  a  spatula  to  eliminate  air  voids. 
Since  the  water  content  of  the  sediment  was  high,  the  sediment  was  easily 
worked  using  manual  vibration  techniques.  Water  content  and  specific  gravity 
were  determined  according  to  methods  described  in  EM  1110-2-1906  (Corps  of 
Engineers  1970).  These  data  were  used  to  calculate  sediment  porosity.  After 
the  columns  were  filled,  distilled-deionized  water  was  pumped  in  upflow  mode 
through  the  columns  with  constant  volume  pumps . 

Separate  column  leach  tests  were  run  for  metals  and  organic  contaminant 
analysis  because  of  the  differences  in  sample  volumes  needed  to  conduct  metal 
analysis  (approximately  100  ml)  and  organic  analysis  (approximately  1000  ml) 
and  different  preservation  techniques  required.  Column  leach  tests  were  con¬ 
ducted  in  triplicate  for  metals  and  in  duplicate  for  organics.  For  each 
column  leachate  sample,  the  volume  of  leachate  and  time  of  collection  were 
recorded.  As  leachate  for  metals  was  collected,  pH  was  manually  adjusted  on  a 
daily  basis  to  less  than  2  using  Ultrex  nitric  acid.  Leachates  for  PAH  and 
tributyltin  analysis  were  collected  in  amber,  acetone  rinsed,  glass  jars  and 
stored  at  4  “C  until  shipped  for  analysis.  Samples  were  shipped  on  ice  by 
overnight  delivery.  Leachates  from  columns  conducted  for  organics  were  not  pH 
adjusted  or  otherwise  altered.  After  each  leachate  sample  for  chemical  analy¬ 
sis  (metals  or  organics)  was  collected,  an  additional  sample  of  15  to  20  ml 
was  collected  and  analyzed  for  pH  and  electrical  conductivity. 

Chemical  Analysis 

Leachate  and  sediment  samples  were  analyzed  by  Battelle  Northwest  Marine 
Sciences  Laboratory,  Sequim,  WA  for  tetrabutyltin  (TETBT) ,  tributyltin  (TBT) , 
dibutyltin  (DBT) ,  monobutyltin  (MBT) ,  naphthalene,  acenaphthylene,  acenaph- 
thene ,  f luorene ,  phenanthrene ,  anthracene,  fluoranthene,  pyrene,  benzo(a)- 
anthracene,  chrysene,  benzo(b)  +  benzo(k) -fluoranthene ,  benzo (a) -pyrene , 
indeno- (l,2,3-c,d) -pyrene ,  dibenzo (a, h) -anthracene ,  benzo ( g, h , i) -perylene , 
nickel  (Ni) ,  selenium  (Se) ,  silver  (Ag) ,  cadmium  (Cd) ,  lead  (Pb) ,  mercury 
(Hg) ,  arsenic  (As),  zinc  (Zn) ,  chromium  (Cr) ,  and  copper  (Cu) . 

Data  and  Statistical  Analysis 

All  statistical  analyses  were  conducted  using  methods  developed  by  the 
Statistical  Analysis  Systems  Institute  (Barr  et  al.  1976).  To  test  for  dif¬ 
ferences  between  means,  analysis  of  variance  procedures  were  used.  Prior  to 
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computation  and  analysis  of  data,  method  blanks  were  subtracted  from  analyti¬ 
cal  values  for  butyltin  and  PAH  compounds.  When  all  leachate  values  were 
below  detection  limits,  data  for  that  compound  are  not  presented  in  tabular 
form  within  the  main  body  of  the  report. 


Results 


Sediment  Bulk  Chemistry 

Concentrations  of  sediment  metals,  butyltin  compounds,  and  PAH  compounds 
are  presented  in  Section  II  of  this  report.  Concentrations  of  PAH  and 
butyltin  compounds  following  six  months  of  aerobic  incubation  are  presented  in 
Table  V-3.  Concentrations  of  both  butyltin  and  PAH  compounds  were  generally 
lower  in  concentration  in  the  aerobic  sediments  compared  to  the  anaerobic 
sediments.  The  difference  in  organic  contaminant  concentrations  between  aero¬ 
bic  and  anaerobic  sediment  is  probably  due  to  volatilization  and  biodegrada¬ 
tion  during  the  incubation  process. 

Kinetic  Batch  Testing 

Kinetic  batch  testing  was  performed  to  confirm  previous  experiments 
indicating  that  a  24  hour  shaking  time  was  sufficient  to  achieve  steady- state 
conditions.  To  test  this  hypothesis,  1  day  concentrations  were  compared  to 
concentrations  obtained  at  other  sampling  times.  Results  showed  no  signifi¬ 
cant  differences  (P  <  0.05)  for  metals  and  butyltin  compounds  in  anaerobic 
Oakland  Inner  Harbor  sediments  (Table  V-4)  in  levels  of  leachate  Zn,  Cu,  Ni, 
Ag,  Cd,  tributyltin,  dibutyltin,  and  monobutyltin.  Therefore,  one  day  of 
shaking  for  these  compounds  will  reflect  the  highest  leachate  concentrations 
observable.  Mercury  concentrations  were  highest  at  the  6  hr  sampling,  but 
concentrations  at  the  1  day  sampling  did  not  significantly  differ  from  concen¬ 
trations  at  later  sampling  times.  Arsenic  leachate  concentrations  at  1  day 
were  statistically  equivalent  to  all  but  the  2,  3,  and  10  day  concentrations, 
which  were  higher.  Lead  concentrations  at  1  day  were  only  exceeded  by  concen¬ 
trations  following  2  days. 

Kinetic  testing  results  for  metals  and  butyltin  compounds  in  anaerobic 
Oakland  Outer  Harbor  sediment  (Table  V-5)  showed  that  leachate  Zn,  Ni,  Ag,  Pb, 
Cd,  Hg,  tributyltin,  dibutyltin,  and  monobutyltin  concentrations  following 
1  day  of  shaking  were  no  different  from  leachate  concentrations  at  later  sam¬ 
pling  periods.  These  results  Indicated  that  steady-state  concentrations  of 
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Table  V-3 


roncentratirns  of  PAH  and  Butvltin  Compounds  (ue/kg) _ in  Aerobic. 

Oakland  Harbor  Sediments  Following  Six  Months  of  Incubation 


(OHIl) 

(OHO) 

Parameter 

Oakland  Inner 

Oakland  Ou 

Benzo (b , j , k) fluoranthene 

94.4 

86.0 

Benzo( a) pyrene 

69.0 

53.8 

Indeno ( 1 , 2 , 3 - c , d) pyrene 

56.9 

24.4 

Benzo (g,h, i) -perylene 

45.2 

18.2 

N.'phthalene 

<2.1 

<3.1 

Phenanthrene 

<19.7 

20.3 

Fluoranthene 

72.2 

58.6 

Pyrene 

143.5 

105.1 

Benzo (a) -anthracene 

<2.1 

25.0 

Chrysene 

30.3 

34.1 

Acenaphthylene 

<2.1 

<3.1 

Fluorene 

<2.1 

<3.1 

Anthracene 

<2.1 

<3.1 

Acenaphthene 

<2.1 

<3.1 

Tetrabutyltin 

<2.4 

<2.4 

Tributyltin 

2.0J 

2.7 

Dibutyltin 

4.1 

1.8J 

Monobutyl tin 

<5.1 

<5.1 

these  metals  had  been  reached  in  1  day.  Only  As,  Cu,  and  Cr  exhibited  higher 
leachate  concentrations  at  sampling  times  of  2  days  or  more. 

Kinetic  testing  results  in  anaerobic  Oakland  Inner  and  Outer  Harbor 
sediments  (Tables  V-6  and  V-7,  respectively)  showed  that  PAH  concentrations 
following  1  day  of  shaking  were  no  different  from  leachate  concentrations  at 
later  sampling  periods.  Detection  limits  varied  from  sample  to  sample,  but 
were  generally  between  8.9  and  22.2  ng/L.  Average  values  below  these  levels 
are  often  noted  in  Tables  V-6  and  V-7  and  reflect  trace  amounts  in  one  or  more 
replicate  samples  at  a  specific  sampling  time. 

In  past  leaching  studies  with  sediments  from  Indiana  Harbor,  Indiana 
(Environmental  Laboratory  1987a  and  1987b)  and  Everett  Harbor,  Washington 
(Palermo  et  al.  1989),  1  day  was  sufficient  for  steady-state  or  worst  case 
metal  concentrations  to  be  achieved. 

Sequential  Batch  Leaching 

General  leachate  quality.  Leachate  pH  and  conductivity  for  anaerobic 
and  aerobic  sequential  batch  leaching  tests  for  Oakland  Harbor  sediments  are 
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Heavy  Metal*  and  Butvltln**  Concentrations  in  Leachate  from  Anaerobic 
Oakland  Harbor  Inner  Sediment  at  Different  Sampling  Times 
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Expressed  In  micrograms  per  liter  (standard  error  In  parentheses; 
Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Not  tested. 


Heavy  Metal*  and  Butvltln**  Concentrations  in  Leachate  from  Anaerobic 
Oakland  Harbor  Outer  Sediment  at  Different  Sampling  Times 
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Expressed  In  micrograms  per  liter  (standard  error  in  parentheses) . 
Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Not  tested. 


Table  V-6 


PAH  Concentrations*  in  Leachate  from  Anaerobic  Oakland 
Harbor  Inner  Sediment  at  Different  Sampling.  Times 


Samolin^  Times 

Parameter 

DAY  1 

DAY  2 

DAY  7 

Benzo(b,k) -fluoranthene 

<5. 1-5. 3 

4.1(3.35) 

<5. 1-5. 4 

Benzo(a) -pyrene 

<4. 1-4.4 

4.7(3.84) 

<4. 1-4. 3 

Naphthalene 

87.3(15.4) 

33.2(0.12) 

<27.0-28.6 

Phenanthrene 

<19.9 

<19.9 

3.77(2.29) 

Fluoranthrene 

1(1.00) 

0.35(0.29) 

8.27(4.44) 

Pyrene 

57.9(7.31) 

42.1(5.48) 

56.2(12.1) 

Benzo(a) -anthracene 

<4. 8-4. 9 

<4. 8-5. 4 

5.1(2.56) 

Chrysene 

4.23(2.18) 

5(0.74) 

5.7(0.85) 

Anthracene 

2.03(2.04) 

<4.9 

1.8(1.80) 

Acenaphthene 

4.5(4.51) 

<10.5 

11.2(5.62) 

*  Expressed  In  nanograms  per 

liter  (standard 

error  in  parentheses) 

Table  V-7 

Pah  Concentrations*  in  Leachate  from  Anaerobic  Oakland 
Harbor  Outer  Sediment  at  Different  Sampling  Times 


Samnlinz  Times 

Parameter 

DAY  1 

DAY  2 

DAY  7 

Benzo (b , k) - fluoranthene 

3.65(2.98) 

13.1(6.71) 

<5.4-5. 9 

Benzo(a) -pyrene 

8.25(6.74) 

14.0(6.81) 

<4. 3-4. 8 

Benzo(g,h, i) -perylene 

<4.5-10.0 

6.6(1.56) 

<3.5-3. 8 

Naphthalene 

143(45.2) 

50.0(1.30) 

302(73.5) 

Phenanthrene 

85.2(34.2) 

5.07(2.32) 

5.67(4.09) 

Fluoranthrene 

6.75(5.11) 

6.83(2.13) 

<7.9 

Pyrene 

48.6(12.6) 

55.7(3.71) 

10.4(2.11) 

Benzo (a) -anthracene 

0.31(0.25) 

7.34(1.65) 

<5. 0-5. 5 

Chrysene 

5. 1(4. 2) 

9.87(1.37) 

4.5(0.15) 

Acenaphthylene 

<5.6-12.5 

1.47(1.47) 

<4. 3-4. 8 

Fluorene 

7.85(6.42) 

6.47(3.29) 

30(1.21) 

Anthracene 

11.5(9.40) 

7.3(0.20) 

<5. 0-5. 5 

Acenaphthene 

27.4(3.33) 

26.3(2.92) 

30(1.21) 

*  Expressed  in  nanograms  per 

liter  (standard 

error  in  parentheses). 
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presented  in  Table  V-8.  The  pH  was  1  to  2  units  higher  during  early  stages  of 
anaerobic  leaching  than  during  aerobic  leaching. 

Initial  conductivities  of  anaerobic  and  oxidized  Oakland  Inner  and  Outer 
Harbor  sediments  were  similar  (Table  V-8).  Conductivity  decreased  as  leaching 
proceeded,  reaching  relatively  constant  values  by  the  fifth  leach  cycle.  This 
reflected  a  washout  of  salts  during  leaching. 

Anaerobic  Metal  and  Butvltin  Releases.  Steady- state  metal  concentra¬ 
tions  in  leachate  (C)  and  sediment  (q)  from  the  sequential  batch  leaching 
tests  for  anaerobic  Oakland  Inner  Harbor  sediment  are  presented  in  Tables  V-9 
and  V-10,  respectively.  Copper,  chromium,  and  lead  exhibited  peak  leachate 
concentrations  in  the  third  leach  cycle,  then  decreased.  Zinc  and  nickel 
exhibited  a  peak  in  the  second  and  third  leach  cycles.  Arsenic  and  cadmium 
concentrations  peaked  during  the  second  leach  cycle,  while  Hg  remained  rela¬ 
tively  unchanged  over  the  seven  cycles.  Butyltin  concentrations  generally 
peaked  between  the  first  and  fourth  leach  cycles. 

Steady- state  metal  concentrations  in  leachate  and  sediment  obtained  from 
the  sequential  batch  leaching  tests  for  anaerobic  Oakland  Outer  Harbor  sedi¬ 
ment  are  presented  in  Tables  V-11  and  V-12,  respectively.  Leachate  concentra¬ 
tions  of  all  metals  tested,  except  for  As  and  Ag,  peaked  during  the  third 
leach  cycle.  Arsenic  concentrations  peaked  in  the  fourth  leach  cycle.  Ag 
concentrations  peaked  in  the  second  leach  cycle.  Monobutyltin  and  dibutyltin 
concentrations  peaked  in  the  third  leach  cycle,  while  tributyltin  concentra¬ 
tions  peaked  in  the  second  leach  cycle.  Metal  and  tributyltin  concentrations 
during  sequential  batch  leaching  of  anaerobic  Oakland  Harbor  sediment  are 
presented  in  Figures  V-5  through  V-7  for  Zn,  Cu,  and  tributyltin, 
respectively. 

Aerobic  metal  and  butvltin  releases.  Sediment  and  leachate  metal  con¬ 
centrations  obtained  from  the  sequential  batch  leaching  tests  for  aerobic 
Oakland  Inner  Harbor  sediment  are  presented  in  Tables  V-13  and  V-14,  respec¬ 
tively.  Leachate  concentrations  of  As,  Hg,  monobutyltin,  and  tributyltin 
peaked  in  the  third  leach  cycle.  Zn,  Cu,  Ni,  Cr,  Ag,  Pb,  and  Cd  peaked  at  the 
second  leach  cycle.  Metal  concentrations  in  sediment  and  leachate  for  aerobic 
Oakland  Outer  Harbor  sediment  are  presented  in  Tables  V-15  and  V-16,  respec¬ 
tively.  Steady- state  leachate  concentrations  of  Ag,  Hg,  and  the  butyltin 
compounds  peaked  in  the  first  leach  cycle,  Zn,  Cu,  Ni,  Cr,  Pb,  and  Cd  peaked 
in  the  second  leach  cycle,  and  As  in  the  third  leach  cycle.  Leachate  con¬ 
centrations  of  Zn,  Cu,  and  tributyltin  during  sequential  batch  leaching  of 
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standard  error  in  parentheses. 


Metal  and  Butvltln  Concentrations  In  Leachate  from  Anaerobic  Oakland 


Expressed  in  micrograms  per  liter  (standard  error  in  parentheses). 
Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Not  tested. 
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Expressed  in  milligrams  per  kilogram  (standard  error  in  parentheses) . 
Expressed  in  micrograms  per  kilogram  (standard  error  in  parentheses) . 
Not  tested. 


Heavy  Metal*  and  Butvltin**  Concentrations  in  Leachate  frog  Anaerobic  Oakland  Harbor  Outer 

Sediment  In  Different  Leach  Cycle 
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Expressed  in  micrograms  per  liter  (standard  error  in  parentheses) . 
Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Not  tested. 


luter  In  Different  Leach  Cycles 
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Expressed  in  milligrams  per  kilogram  (standard  error  in  parentheses). 
Expressed  in  micrograms  per  kilogram  (standard  error  in  parentheses). 
Not  tested. 


Sequential  Leach  Cycle 

Figure  V-5.  Zinc  Concentrations  in  Oakland  Harbor  Sequential 

Batch  Leachate 


Figure  V-6.  Copper  Concentrations  in  Oakland  Harbor  Sequential 

Batch  Leachate 
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Sequential  Leach  Cycle 

Figure  V-7.  Tributyltin  Concentrations  in  Oakland  Harbor 
Sequential  Batch  Leachate 
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eavv  Metal*  and  Butvltln**  Concentrations  tn  Leachate  from  Aerobic  Oakland  I'^rbor  Inne 
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Expressed  in  mlcrograitis  per  liter  (standard  error  in  parentheses). 
Expressed  in  nanograras  per  liter  (standard  error  in  parentheses). 
Not  tested. 


Oakland  Inner  in  Different  Leach  Cycles 
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Expressed  in  milligrams  per  kilogram  (standard  error  in  parentheses). 
Expressed  in  micrograms  per  kilogram  (standard  error  in  parentheses). 
Not  tested. 


Heavy  Metal*  and  Butvltln**  Concentrations  In  Leachate  from  Aerobic  Oakland  Harbor  Outer 


Expressed  in  micrograms  per  liter  (standard  error  in  parentheses). 
Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Not  tested. 


akland  Outer  in  Different  Leach  Cvcles 


Expressed  in  milligrams  per  kilogram  (standard  error  in  parentheses). 
Expressed  in  micrograms  per  kilogram  (standard  error  in  parentheses). 
Not  tested. 


aerobic  Oakland  Harbor  sediments  are  presented  in  Figure  V-8.  The  peaks  in 
leachate  concentration  described  in  the  preceding  discussion  of  aerobic 
sequential  batch  leaching  of  metals,  are  evident  in  these  data. 

Anaerobic  PAH  releases .  Steady-state  PAH  concentrations  in  leachate  (C) 
and  sediment  (q)  obtained  from  the  sequential  batch  leaching  tests  for  anaero¬ 
bic  Oakland  Inner  Harbor  sediment  are  presented  in  Tables  V-17  and  V-18, 
respectively.  Leachate  concentrations  of  PAH  compounds  generally  peaked  dur¬ 
ing  the  third  leach  cycle,  but  chrysene  peaked  during  the  second  leach  cycle. 
Benzo(k) -fluoranthene ,  phenanthrene ,  and  chrysene  also  exhibited  concentration 
peaks  following  the  peak  in  the  third  leach  cycle. 

Steady- state  PAH  concentrations  in  leachate  and  sediment  obtained  from 
the  sequential  batch  leaching  tests  for  anaerobic  Oakland  Outer  Harbor  sedi¬ 
ment  are  presented  in  Tables  V-19  and  V-20,  respectively.  Leachate  concentra¬ 
tions  of  PAH  compounds  generally  peaked  during  the  fourth  leach  cycle. 
Benzo(b,k) -fluoranthene ,  fluoranthene,  and  pyrene  also  exhibited  concentration 
peaks  following  the  concentration  peak  in  the  fourth  leach  cycle.  PAH  concen¬ 
trations  during  sequential  batch  leaching  of  anaerobic  Oakland  Harbor  sediment 
are  presented  in  Figure  V-9  for  pyrene.  The  peak  in  leachate  concentration 
during  sequential  leaching  for  PAHs,  described  in  the  preceding  discussion  of 
sequential  batch  leaching  of  PAH,  are  evident  in  these  data.  Leaching  pat¬ 
terns  for  PAHs  from  Oakland  Inner  and  Outer  Harbor  sediments  were  similar  to 
those  observed  for  PCBs  during  sequential  leaching  from  other  saline  sediments 
(Brannon  et  al.  1991). 

Aerobic  PAH  releases.  Steady-state  PAH  concentrations  in  leachate  (C) 
and  sediment  (q)  obtained  from  the  sequential  batch  leaching  tests  for  aerobic 
Oakland  Inner  Harbor  sediment  are  presented  in  Tables  V-21  and  V-22,  respec¬ 
tively.  Leachate  PAH  compounds  were  generally  present  in  trace  concentrations 
and  showed  little  change  during  the  course  of  leaching. 

Steady- state  PAH  concentrations  in  leachate  and  sediment  obtained  from 
the  sequential  batch  leaching  tests  for  anaerobic  Oakland  Outer  Harbor  sedi¬ 
ment  are  presented  in  Tables  V-23  and  V-24,  respectively.  As  was  the  case  for 
aerobic  Oakland  Inner  Harbor  sediment,  leachate  concentrations  of  PAH  com¬ 
pounds  were  generally  present  in  trace  concentrations  and  showed  little  change 
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Concentration,  ng/1  Concentration,  ug/1  Concentration,  ug/1 


Zinc 


Figure  V 


Copper 


Sequential  Leach  Cycle 

8.  Zinc,  Copper,  and  Tributyltin  Concentrations  in  Oakland 
Harbor  Aerobic  Sequential  Batch  Leachate 
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PAH  Concc  jratlons*  In  Leachate  from  Anaerobic  Oakland  Inner 
Sediment  In  Different  Leach  Cycles 
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Expressed  In  nanograms  per  liter  (standard  error  In  parentheses). 


PAH  Sediment  Concentrations*  In  Anaerobic  Oakland  Inne 
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Expressed  in  mlcrograns  per  kilogram  (standard  error  in  parentheses) . 


PAH  Concentrations*  In  Leachate  from  Anaerobic  Oakland  Harbor  Oute 
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Expressed  in  nanograns  per  liter  (standard  error  In  parentheses) . 


PAH  Sediment  Concentrations*  In  Anaerobic  Oakland  Outer 
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Expressed  In  micrograms  per  kilogram  (standard  error  in  parentheses) . 


Sequential  Leach  Cycle 

Figure  V-9.  Pyrene  Concentrations  in  Anaerobic  Oakland  Harbor 

Sequential  Batch  Leachate 

during  the  course  of  leaching.  PAH  concentrations  during  sequential  batch 
leaching  of  aerobic  Oakland  Harbor  sediment  are  presented  in  Figure  V-10  for 
pyrene.  Leaching  patterns  for  PAHs  from  Oakland  Inner  and  Outer  Harbor  sedi¬ 
ments  were  similar  to  those  observed  for  PCBs  during  sequential  leaching  from 
other  saline  sediments  (Brannon  et  al.  1991). 

Cumulative  and  percentage  losses  of  metals  and  butvltin  during  leaching. 
Cumulative  net  mass  releases  of  metals  from  Oakland  Inner  and  Outer  Harbor 
sediments  were  generally  similar  between  sediments,  except  for  As,  Ag,  Pb,  and 
Cd  which  showed  substantially  less  release  from  Oakland  Outer  Harbor  sediment 
(Table  V-25).  However,  larger  releases  of  the  butyltin  compounds  were 
observed  from  Oakland  Outer  Harbor  sediment  under  anaerobic  conditions.  Cumu¬ 
lative  net  mass  metal  releases  following  leaching  of  aerobic  sediment  were 
either  similar  to  or  higher  than  releases  from  anaerobic  sediment.  No  losses 
of  some  butyltin  compounds  were  observed  under  aerobic  conditions  because  the 
compounds  were  not  detected  in  the  sediment  following  six  months  of  aerobic 
incubation. 
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PAH  Concentrations*  in  Leachate  from  Aerobic  Oakland  Harbor  Inner 


*  Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
**  Value  below  method  detection  limit  (present  in  trace  amounts). 


Sediment  <n  Different  Leach  Cycles 
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Expressed  in  nanograms  per  liter  (standard  error  in  parentheses). 
Value  below  method  detection  limit  (present  in  trace  amounts). 


PAH  Sediment  Concentrations*  in  Aerobic  Oakland  Inner 
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Expressed  in  micrograras  per  kilogram  (standard  error  in  parentheses). 


PAH  Sediment  Concentrations*  in  Aerobic  Oakland  Outer 
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Expressed  in  micrograms  per  kilogram  (standard  error  in  parentheses). 
Value  below  method  detection  limit  (present  in  trace  amounts). 


35 


O  Oakland  Inner 
#  Oakland  Outer 


Sequential  Leach  Cycle 

Figure  V-10.  Pyrene  Concentration  in  Aerobic  Oakland  Harbor 
Sequential  Batch  Leachate 

Percent  loss  of  metals  were  generally  higher  in  leachate  from  aerobic 
Oakland  Inner  and  Outer  Harbor  sediment  than  from  the  respective  anaerobic 
sediment  (Table  V-26).  Percent  loss  of  butyltin  compounds  were  either  similar 
to  or  lower  in  leachate  from  aerobic  Oakland  sediment  than  from  anaerobic 
Oakland  sediment . 

Cumulative  and  percentage  losses  of  PAHs  durin£  leaching  Cumul a t i ve 

net  mass  releases  of  PAH  compounds  from  Oakland  Inner  and  Outer  Harbor  sedi¬ 
ments  were  generally  similar  between  anaerobic  sediments  or  aerobic  sediments 
(Table  V-27).  Cumulative  net  mass  PAH  releases  following  leaching  of  aerobic 
sediment  were  much  lower  than  releases  from  anaerobic  sediment,  reflecting  the 
lower  sediment  concentrations  of  the  PAH  compounds  following  aerobic  incuba¬ 
tion.  Releases  of  0.00  /ig/kg  reflects  either  the  lack  of  detection  of  the 
compound  in  the  leachate  or  the  sediment. 

Percent  loss  of  PAH  compounds  from  Oakland  Inner  and  Outer  Harbor  sedi¬ 
ments  were  generally  similar  between  anaerobic  sediments  or  aerobic  sediments 
(Table  V-28).  Percent  loss  of  PAH  following  leaching  of  aerobic  sediment  were 
much  lower  than  releases  from  anaerobic  sediment,  reflecting  the  lower 
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Table  V-25 

Percent  Mass  Loss  of  Heavy  Metals  from  Oakland  Harbor  Sediment 
Under  Anaerobic  and  Aerobic  Conditions  FollowinE  Seven 
Sequential  Batch  Leach  Cycles 


(OHIl) 

Oakland  Inner 

(OHO) 

Oakland 

Outer 

Parameter 

Anaerobic 

Aerobic 

Anaerobic 

Aerobic 

As 

6.22 

8.01 

9.28 

11.44 

Zn 

3.10 

3.27 

2.00 

3.42 

Cu 

3.36 

5.40 

6.01 

6.65 

Ni 

0.92 

1.38 

0.87 

1.35 

Cr 

0.04 

0.22 

0.14 

0.33 

Ag 

18.18 

36.36 

1.62 

18.84 

Pb 

8.13 

4.59 

3.57 

6.25 

Cd 

4.05 

12.84 

5.58 

9.01 

Hg 

0.00 

0.68 

0.00 

0.30 

Tributyl tin 

5.25 

0.00 

8.93 

24.07 

Dibutyltin 

7.573 

7.31 

8.800 

0.00 

Monobutyl tin 

45.0 

0.00 

7.56 

0.00 

Cumu^-ative 

Table 

Hass  Loss  of 

V-26 

PAH  Comoounds 

(ug/ke) 

From  Oakland  Harbor 

Sediments  Followine  6  Cvcles  of  Leachin 

Parameter 

(OHIl) 

Oakland  Inner 

(OHO) 

Oakland  Outer 

Anaerobic 

Aerobic 

Anaerobic 

Aerobic 

Benzo (b , j , k) fluoranthene 

2.17 

0.00 

1.90 

0.00 

Benzo(a)pyrene 

1.30 

0.00 

0.60 

0.00 

Indeno(l , 2 , 3-c , d)pyrene 

0.40 

0.00 

0.20 

0.00 

Benzo (g,h, i) -perylene 

0.53 

0.00 

0.40 

0.00 

Naphthalene 

0.75 

0.00 

0.58 

0.00 

Phenanthrene 

0.93 

0.00 

0.70 

0.10 

Fluoranthrene 

1.40 

0.10 

1.50 

0.10 

Pyrene 

4.63 

0.48 

3.30 

0.20 

Benzo (a) -anthracene 

0.47 

0.00 

0.30 

0.00 

Chrysene 

0.40 

0.00 

0.40 

0.00 

Acenaphthylene 

0.06 

0.00 

0.00 

0.00 

Fluorene 

0.04 

0.00 

0.00 

0.00 

Anthracene 

0.04 

0.00 

0.00 

0.00 

Acenaphthene 

0.06 

0.00 

0.00 

0.00 
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Table  V-27 


Percent  Mass  Loss  of  PAHs  from  Oakland  Harbor  Sediment 


Under  Anaerobic  and  Aerobic  Conditions  Following  Six 


Seouential  Batch 

Leach  Cycles 

(OHIl) 

Oakland  Inner 

(OHO) 

Oakland  Outer 

Parameter 

Aerobic 

Anaerobic 

Benzo (b , j , k) fluoranthene 

1.42 

0.00 

1.44 

0.00 

Benzo(a)pyrene 

1.18 

0.00 

0.65 

0.00 

Indeno(l , 2 , 3-c ,d)pyrene 

0.47 

0.00 

0.22 

0.00 

Benzo ( g, h, i) -perylene 

0.48 

0.00 

0.33 

0.00 

Naphthalene 

9.38 

0.00 

7.25 

0.00 

Phenanthrene 

3.83 

0.00 

2.97 

0.49 

Fluoranthrene 

1.97 

0.14 

3.00 

0.17 

Pyrene 

4.63 

0.33 

3.93 

0.19 

Benzo (a) - anthracene 

0.47 

0.00 

0.75 

0.00 

Chrysene 

0.40 

0.00 

0.80 

0.00 

Acenaphthylene 

0.06 

0.00 

0.00 

0.00 

Fluorene 

0.04 

0.00 

0.00 

0.00 

Anthracene 

0,04 

0.00 

0.00 

0.00 

Acenaphthene 

0.06 

0.00 

0.00 

0.00 

Table  V-28 

Cumulative  Mass  Loss  (mf/kg)  of  Metals  and  Butvltin  Compounds  (ap/kp) 
from  Oakland  Harbor  Sediments  Following  7  Cycles  of 
Leaching  for  Metals  and  6  Cycles  of  Leaching 
for  Butvltin  Compounds 


(OHIl)  (OHO) 


Oakland 

Inner 

Oakland 

Outer 

Parameter 

Anaerobic 

Aerobic 

Anaerobic 

Aerobic 

As 

0.35 

0.45 

0.64 

0.79 

Zn 

1.90 

2.00 

1.70 

2.90 

Cu 

0.83 

1.33 

1.87 

2.07 

Ni 

0.60 

0.90 

0.73 

1.13 

Cr 

0.15 

0.85 

0.50 

1.20 

Ag 

0.02 

0.04 

0.003 

0.04 

Pb 

1.15 

0.65 

0.67 

1.17 

Cd 

0.006 

0.19 

0.013 

0.021 

Hg 

0.00 

0.01 

0.000 

0.0005 

Tributyltin 

0.27 

0.00 

0.256 

0.65 

Dibutyltin 

0.34 

0.30 

0.220 

0.000 

Monobutyl tin 

0.09 

0.00 

0.063 

0.000 

120 


sediment  concentrations  of  the  PAH  compounds  and  corresponding  lower  releases 
following  aerobic  Incubation. 

Column  Leaching  Results 

Col  limn  operating  parameters.  Column  operating  parameters  are  shown  In 
Table  V-29.  The  data  In  Table  V-29  show  that  there  were  no  differences  In 
column  operating  parameters  for  metals  and  organics.  As  previously  discussed, 
the  use  of  separate  columns  for  metals  and  organics  Is  primarily  one  of  conve¬ 
nience  for  collection  and  preservation  of  samples. 

Colvimn  length  Is  fixed  by  the  column  geometry  and  Is  therefore  the  same 
for  all  columns.  Porosity,  specific  gravity,  and  water  content  are  sediment 
dependent,  but  are  the  same  for  a  given  sediment.  These  parameters  were 
determined  on  one  sample  collected  during  loading  of  the  columns.  Average 
pore  water  velocity  and  the  dispersion  coefficient  are  about  the  same  for  all 
the  columns.  Average  pore  water  velocity  values  were  obtained  from  column 
operating  records  and  dispersion  coefficients  were  obtained  by  fitting  the 
advectlon-dlsperslon  equation  (Hill,  Myers,  and  Brannon  1988)  to  observed 
elution  curves  for  electrical  conductivity.  Dispersion  coefficients  are  dis¬ 
cussed  in  more  detail  in  a  later  section. 

Data  presentation  format.  Column  leachate  data  are  reported  as  a  func¬ 
tion  of  the  number  of  pore  volumes  eluted  from  the  columns.  One  pore  volume 
is  that  volume  in  the  sediment  occupied  by  water.  Since  the  columns  were 
operated  in  a  saturated  condition,  all  the  voids  were  filled  by  water.  Fig¬ 
ure  V-11  illustrates  the  pore  volume  concept. 

For  saturated  conditions ,  the  pore  volume  is  given  by 


Pv  =  A  L  n 


(1) 


where 

Pv  -  pore  volume  of  the  sediment,  cm^ 

A  -  cross-sectional  surface  area  of  the  sediment  column,  cm^ 
L  -  length  of  the  sediment  column,  cm 
n  -  porosity,  dimensionless 
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Table  V-29 

Column*  Operating  Parameters 


Sediment 

Co  1 . 

Tvoe 

_I1_ 

Oakland 

10 

metal 

.47 

Inner 

11 

metal 

.4/ 

(OHIl) 

12 

metal 

.47 

17 

organic 

.47 

18 

organic 

.47 

Oakland 

1 

metal 

.77 

Outer 

2 

metal 

.77 

(OHO) 

3 

metal 

.77 

7 

organic 

.77 

8 

organic 

.77 

SG 

V 

Dp _ 

2.73 

0.323 

1.5E-05 

6.0E-07 

2.73 

0.323 

1.2E-05 

4.8E-07 

2.73 

0.323 

1.4E-05 

5.6E-07 

2.73 

0.323 

1.8E-05 

ND 

2.73 

0.323 

2.8E-05 

ND 

2.76 

1.187 

5.8E-06 

1.3E-07 

2.76 

1.187 

5.0E-06 

l.lE-07 

2.76 

1.187 

5.1E-06 

l.lE-07 

2.76 

1.187 

9.5E-06 

ND 

2.76 

1.187 

1.2E-05 

ND 

a:  length  equal  4  cm 

ND:  no  data 
n:  porosity 
SG;  specific  gravity 

w:  water  content,  weight  of  water/weight  of  solids 
V:  average  pore  water  velocity,  cm/sec 
Dpi  dispersion  coefficient,  cmVsec 


The  number  of  pore  volumes  eluted  is  the  cumulative  volume  of  water  collected 
divided  by  ,  For  the  steady  flow  conditions  maintained  during  column 
leaching,  the  number  of  pore  volumes  eluted  is  also  given  by 


Qt  _  A  V^n  t  ^  V  t 
Py  A  L  n  L  n 


(2) 


where 

Q  -  flow,  cmVsec 
T  -  pore  volumes  eluted 
t  -  time ,  sec 

Vj  -  Darcy  velocity,  cm/sec 

The  field  time  for  elution  of  one  pore  volume  is  given  by 

T’/  _  ^  —  Li  Tl 

^  T  ■  ^ 


(3) 
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CONCEPTUAL 


volume 


water 


6  A  ^  0 


water 


pv  eluted 


Figure  V-11.  Pore  Volume  Definition  Sketch 


where  T'  is  the  time  to  elute  one  pore  volume.  For  saturated  dredged  material 
with  no  standing  water,  the  Darcy  velocity  is  equal  to  the  hydraulic  conduc¬ 
tivity  of  the  dredged  material.  For  saturated  dredged  material  in  an  upland 
disposal  facility  of  area  A  ,  the  field  elution  time  for  one  pore  volume  of 
water  is  given  by 


1 


A  L  n  L  n 

”rr  nr 


(^) 


where 

L  -  depth  of  dredged  material  fill,  cm 

K  -  hydraulic  conductivity,  cm/sec 

For  example,  if  L  -  457  cm  (15  ft),  K  -  1  E-06  cm/sec,  and  n  -  0.6,  then  the 
field  elution  time  for  one  pore  volume  is  about  nine  years. 

The  discussion  above  illustrates  how  to  convert  laboratory  time  for 
column  leaching  studies  to  an  equivalent  field  time.  Because  the  sediment 
pore  volume  is  the  basis  for  relating  laboratory  column  time  to  field  time,  it 
is,  therefore,  convenient  to  present  column  elution  curves  as  contaminant 
concentration  versus  pore  volumes  eluted. 

General  column  leachate  quality.  Figures  V-12  and  V-13  show  pH  and 
electrical  conductivity  in  column  leachates.  During  column  leaching  of  Oak¬ 
land  Inner  Harbor  sediment,  pH  in  leachate  from  columns  operated  for  testing 
of  metals  (Figure  V-12)  and  organics  (Figure  V-13)  was  about  the  same.  The  pH 
of  column  leachate  from  Oakland  Outer  Harbor  sediment  was  slightly  higher  than 
the  pH  of  column  leachate  from  Oakland  Inner  Harbor  sediment.  The  difference 
was  probably  too  small  to  affect  metal  leaching.  The  pH  of  column  leachate 
from  Oakland  Inner  Harbor  sediment  was  about  the  same  as  the  pH  of  anaerobic 
batch  leachate  from  Oakland  Inner  Harbor  sediment  (Table  V-8).  In  both  cases, 
pH  was  generally  steady  throughout  the  leaching  procedure.  The  pH  of  colimnn 
leachate  from  Oakland  Outer  Harbor  sediment  was  about  the  same  as  the  pH  of 
anaerobic  batch  leachate  from  Oakland  Outer  Harbor  sediment  (Table  V-8).  In 
the  column  leach  test,  however,  pH  tended  to  increase  slightly  from  initial 
values  and  then  remain  steady  in  4  of  the  5  columns.  In  one  column  (col¬ 
umn  2),  there  was  a  drop  in  pH  after  two  pore  volumes  were  eluted  (Figure  V- 
12).  By  the  time  three  pore  volumes  had  been  eluted,  the  pH  in  column  2  was 
back  in  line  with  the  pH  in  the  other  columns.  In  the  anaerobic  sequential 
batch  leach  test  on  Oakland  Outer  Harbor  sediment,  pH  showed  no  distinct 
trends  (Table  V-8). 

The  electrical  conductivity  of  column  leachates  showed  classical  washout 
curves  as  expected  for  all  but  one  column.  Since  electrical  conductivity  is  a 
measure  of  dissolved  salts  and  the  estuarine  sediments  from  Oakland  Inner  and 
Outer  Harbor  were  leached  with  distilled-deionized  water,  a  washout  curve  is 
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EC  (millivolts)  EC  (millivolts) 


INNER  OAKLAND  METALS 


12 


PORE  VOLUME  ELUTED 

Figure  V-12.  Electrical  Conductivity  and  pH  in  Column  Leachates 
Collected  for  Metals  Analysis 
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Figure  V-13.  Electrical  Conductivity  and  pH  in  Column  Leachates 
Collected  for  Butyltin  and  PAH  Analyses 


expected.  The  electrical  conductivity  versus  pore  volumes  eluted  plot  should 
monotonically  decrease,  that  is,  electrical  conductivity  should  never 
increase.  Column  2  (Figure  V-12)  showed  an  unanticipated  rise  in  electrical 
conductivity  between  2  and  4  pore  volvunes  eluted.  The  increase  in  electrical 
conductivity  in  column  2  is  apparently  associated  with  the  drop  in  pH  in  col¬ 
umn  2  previously  discussed.  The  electrical  conductivity  data  on  column  2 
suggests  that  an  isolated  pocket  in  the  sediment  through  which  water  had  not 
been  flowing  opened  up  and  began  to  transmit  water. 

The  dispersion  coefficients  in  Table  V-29  were  estimated  by  fitting  the 
advection-dispersion  equation  to  electrical  conductivity  data  for  each 
sediment.  The  one -dimensional  solution  of  Ogata  and  Banks  (1961)  for  the 
advection-dispersion  equation  as  programmed  for  application  on  a  desktop  com¬ 
puter  by  Beljin  (1985)  was  fitted  in  a  trial  and  error  fashion.  Typical 
results  for  observed  and  fitted  electrical  conductivity  elution  curves  are 
shown  in  Figure  V-14.  Also  shown  in  Figure  14  are  electrical  conductivity 
elution  curves  predicted  by  a  complete  mix  model  equation.  Although  the  com¬ 
plete  mix  model  neglects  spatial  variation  in  leachate  quality,  the  complete 
mix  model  was  in  good  agreement  with  observed  electrical  conductivity  elution 
curves  for  Oakland  Outer  Harbor  sediment.  Agreement  between  the  complete  mix 
model  and  observed  electrical  conductivity  elution  curves  for  Oakland  Inner 
Harbor  sediment  was  not  as  good  as  with  Oakland  Outer  Harbor  sediment.  The 
lack  of  agreement  indicates  that  spatial  variability  in  leachate  quality  due 
to  convective  and  dispersive  processes  is  greater  in  Oakland  Inner  Harbor 
sediment  than  in  Oakland  Outer  Harbor  sediment.  These  differences  are  proba¬ 
bly  related  to  differences  in  porosity  and  water  content. 

Metals  in  Oakland  Inner  Harbor  column  leachates.  Metals  elution  curves 
for  Oakland  Inner  Harbor  sediment  are  shown  in  Figures  V-15  through  V-17. 
Complete  data  sets  are  provided  in  Appendix  D.  Metals  concentrations,  except 
for  chromium,  were  generally  very  low  in  column  leachates  from  Oakland  Inner 
Harbor  sediment. 

There  were  no  distinct  trends  in  silver  elution  from  Oakland  Inner  Har¬ 
bor  sediment.  The  highest  concentration  (3.65  ^g/L)  was  measured  in  the  ini¬ 
tial  sample  from  column  12.  Expect  for  this  one  value  that  was  not  replicated 
in  the  other  columns,  silver  concentrations  were  less  than  1  ng/L  throughout 
most  of  the  test.  The  type  of  elution  curves  suggest  that  the  amount  of 
leachable  silver  in  Oakland  Inner  Harbor  sediment  is  very  small  and  leachate 
concentrations  will  tend  to  be  less  than  1  eeg/L. 
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Figure  V-14.  Fitted  and  Observed  Electrical  Conductivity 
Elution  Curves  (normalized  for  maximum 
observed  value) 
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Arsenic  which  ranged  from  less  than  1  to  33  eeg/L  showed  highest  values 
early  in  the  test  (2  to  4  pore  volumes  eluted)  and  thereafter  tended  to  fluct¬ 
uate  in  the  range  of  5  to  15  eeg/L.  This  type  of  elution  curve  suggests  that 
a  reservoir  of  leachable  arsenic  resides  in  the  sediment  solids  that  can  main¬ 
tain  concentrations  at  the  levels  indicated  for  a  long  period  of  time. 

Cadmium  concentrations  dropped  from  initial  values  around  1  ^eg/L  to 
concentrations  that  were  consistently  less  than  0.5  eeg/L  for  two  of  the  three 
columns.  In  column  10  (Figure  V-15),  the  maximum  value,  an  apparent  outlier, 
occurred  at  14  pore  volumes  eluted.  The  type  of  elution  curve  shown  in  col¬ 
umns  11  and  12  for  cadmium  suggests  that  initial  cadmium  concentrations  in 
dredged  material  pore  water  will  be  reduced  by  convective  transport  and  a 
reservoir  of  leachable  cadmium  resides  in  the  sediment  solids  that  can  main¬ 
tain  concentrations  at  the  reduced  levels  indicated  for  a  long  period  of  time. 

Chromium  showed  a  complicated  elution  history.  Chromium  concentrations 
tended  to  increase  very  slowly  up  to  4  pore  volumes  eluted  in  all  three  col¬ 
umns.  In  column  10,  concentrations  then  decreased  and  never  returned  to  the 
original  levels.  In  column  11,  chromium  concentrations  remained  at  or 
slightly  higher  than  the  initial  values  until  6  pore  volumes  were  eluted. 
Thereafter,  the  chromium  concentrations  in  column  11  decreased  and,  as  with 
column  10,  never  returned  to  the  original  levels.  In  column  12,  chromium 
concentrations  were  somewhat  erratic  after  6  pore  volumes  were  eluted,  but 
after  12  pore  volumes  were  eluted  begin  to  show  the  type  of  decrease  observed 
in  columns  10  and  11.  The  elution  curves  for  columns  10  and  11  suggests  that 
as  leaching  proceeds  the  geochemical  form(s)  of  chromium  is  altered  so  that 
sediment  bound  chromium  becomes  slightly  more  leachable  and  then  less  leach¬ 
able.  The  elution  curve  for  column  12  is  similar  except  that  the  leachable 
reservoir  is  more  persistent  and  the  decrease  in  chromium  concentrations  is 
subsequently  delayed. 

Copper  concentrations  increased  in  two  of  the  three  columns .  In  one 
column  (column  12,  Figure  V-16) ,  very  low  copper  concentrations  were  eluted 
after  the  first  sample  was  collected.  In  the  other  two  columns,  copper  showed 
a  trend  for  increasing  concentrations  between  4  and  12  pore  volumes  eluted 
and,  thereafter,  copper  concentrations  tended  to  stabilize.  Lead  elution 
curves  for  Oakland  Inner  Harbor  sediment  (Figure  V-16)  were  similar  to  the 
copper  elution  curves,  except  that  the  increase  in  lead  concentrations  eluted 
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Figure  V-15.  Silver,  Arsenic,  Cadmium,  and  Chromium  Elution  Curves 
for  Oakland  Inner  Harbor  Sediment  (circles  -  col.  10, 
triangles  -  col.  11,  squares  -  col.  12) 


Figure  V-16.  Copper,  mercury,  nickel,  and  lead  elution  curves  for 
Oakland  Inner  Harbor  sediment  (circle  -  col.  10,  triangles 
-col.  11,  squares  -  col.  12) 
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from  columns  10  and  11  was  more  distinct  than  the  increases  in  copper  concen¬ 
trations  for  these  columns.  The  type  of  elution  curves  observed  for  copper 
and  lead  in  columns  10  and  11  suggests  that  leachable  reservoirs  of  copper  and 
lead  are  initially  low,  then  increase,  and  finally  begin  to  decline. 

The  mercury  elution  curves  (Figure  V-16)  showed  a  rapid  decrease  from 
initial  values  in  two  of  the  columns  to  concentrations  that  were  near  or  below 
0.01  ng/L  for  most  of  the  samples  collected  after  the  initial  sample.  There 
was  a  slight  increase  after  12  pore  volumes  were  eluted.  One  column  (column 
11,  Figure  V-16)  eluted  very  low  mercury  concentrations  throughout  the  column 
leaching  test.  Thus,  mercury  elution  was  similar  to  that  of  silver  (Figure  V- 
15).  The  mercury  elution  curves  suggest  very  low  levels  of  leachable  mercury. 

Nickel  concentrations,  with  the  exception  of  column  12,  tended  to  be 
stable  for  several  pore  volumes,  then  decrease.  This  type  of  elution  curve 
suggests  that  there  is  a  reservoir  of  leachable  nickel  that  is  slowly 
depleted.  The  first  sample  collected  from  one  column,  column  12,  was  very 
high  relative  to  the  nickel  concentrations  in  leachates  from  the  other  two 
columns.  Apparently  the  pore  water  in  this  column  contained  a  high  Ic-rel  of 
nickel  that  was  removed  by  convection  of  water.  After  2  pore  volumes  were 
eluted  the  nickel  concentrations  in  leachate  from  this  column  were  in  line 
with  the  nickel  concentrations  from  the  other  two  columns  up  to  about  6  pore 
voliimes.  Thereafter  the  nickel  concentrations  in  column  12  were  higher  than 
in  leachates  from  columns  10  and  11  but  the  overall  trends  were  the  same. 

Zinc  concentrations  (Figure  V-17)  decreased  from  initial  values  up  to 
about  8  pore  volumes  eluted.  The  high  value  in  column  10  at  about  2  pore 
volumes  is  probably  an  outlier  that  should  not  be  given  much  significance. 
After  8  pore  volumes,  zinc  concentrations  tended  to  stabilize  or  slightly 
increase.  The  elution  curves  shown  in  Figure  V-17  suggest  that  initial  zinc 
concentrations  in  dredged  material  pore  water  are  reduced  by  convective  trans¬ 
port  and  a  reservoir  of  leachable  zinc  resides  in  the  sediment  solids  that  can 
maintain  concentrations  at  the  reduced  levels  indicated  for  a  long  period  of 
time . 

Metals  in  Oakland  Outer  Harbor  column  leachates.  Metals  elution  curves 
for  Oakland  Outer  Harbor  sediment  are  shown  in  Figures  V-18  through  V-20. 
Complete  data  sets  are  provided  in  Appendix  D.  Metals  concentrations,  except 
for  chromium,  were  generally  very  low  in  column  leachates  from  Oakland  Outer 
Harbor  sediment.  Initial  concentrations  from  one  column,  column  2,  were 
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Figure  V-17.  Zinc  Elution  Curves  for  Oakland  Inner  Harbor  Sediment 

significantly  higher  in  chromium,  copper,  lead,  and  zinc.  Long-term  trends 
and  concentrations  in  this  column  were  similar  to  the  other  two  columns . 

Silver  concentrations  were  somewhat  erratic  initially  (Figure  V-18)  and 
then  after  elution  of  2  pore  volumes  tended  to  stabilize  between  about  0.01 
and  0.1  /ig/L.  This  type  of  elution  curve  suggests  that  the  sediment  pore 
water  is  the  initial  reservoir  of  leachable  silvei .  Following  elution  of  pore 
water  silver,  sediment  bound  silver  desorbs  to  a  small  extent. 

Arsenic  showed  a  complicated  elution  cuirve  (Figure  V-18)  in  which  ini¬ 
tial  concentrations  dropped  to  a  relative  minimum  after  elution  of  approxi¬ 
mately  1  pore  volume.  Increased  to  a  relative  maximum  between  3  and  4  pore 
volumes  eluted,  and  then  tended  to  decrease.  Initial  concentrations  ranged 
from  58  to  70  Mg/L  and  the  relative  maximum  concentrations  between  3  and 
4  pore  volumes  eluted  ranged  from  40  to  85  pg/L.  Cadmium  elution  curves  were 
similar  to  arsenic  elution  curves  except  that  the  relative  maximum  at  3  pore 
volumes  eluted  in  column  2  was  followed  by  a  third  relative  maximum.  The 
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Figure  V-18.  Silver,  Arsenic,  Cadmium,  and  Chromium  Elution  Curves 
for  Oakland  Outer  Harbor  Sediment  (circles  -  col.  1, 
triangles  -  column  2,  squares  -  col.  3) 


elution  curves  for  arsenic  and  cadmium  suggest  that  initial  leachate  contami¬ 
nant  concentrations  may  not  be  the  maximum  leachate  contaminant  concentrations 
and  maximum  contaminant  concentrations  may  not  be  observed  until  after  several 
pore  volumes  have  been  eluted. 

Chromium  elution  curves  (Figure  V-18)  rapidly  decrease  from  initial 
values  to  concentrations  that  were  generally  less  than  100  /ig/L.  The  chromium 
elution  curves  suggest  Initially  high  levels  of  pore  water  chromium  that  is 
diluted  by  water  convection.  Dilution  is  partially  offset  by  desorption  from 
the  sediment  solids  so  that  long-term  chromium  concentrations  are  in  the  range 
of  100  /ig/L  or  less. 

Copper  and  lead  showed  the  same  elution  trend  (Figure  V-20)  as  arsenic 
(Figure  V-18)  except  the  trend  for  increasing  concentrations  after  the  drop  in 
initial  concentrations  was  better  defined  and  delayed  relative  to  the  arsenic 
curve.  The  type  of  elution  curves  observed  for  copper  and  lead  in  Outer  Oak¬ 
land  sediment  suggests  that  leachable  reservoirs  of  copper  and  lead  are  ini¬ 
tially  low  and  then  increase. 

The  mercury  elution  curves  for  Oakland  Outer  Harbor  sediment  (Figure  V- 
19)  showed  a  slow  decrease  from  initial  values  around  0.06  /ig/L  to  concentra¬ 
tions  around  0.003  Mg/L  or  less.  The  mercury  elution  curve  has  the  shape  of  a 
classical  desorption  curve,  indicating  that  initial  mercury  concentrations  are 
replenished  by  a  reservoir  of  leachable  mercury  in  the  sediment  solids  that 
can  maintain  concentrations  at  reduced  levels  for  a  very  long  time . 

Nickel  and  zinc  elution  curves  for  Oakland  Outer  Harbor  sediment  (Fig¬ 
ures  V-19  and  V-20,  respectively)  showed  a  rapid  decrease  from  initial  values 
to  concentrations  that  tended  to  remain  steady  for  most  of  the  samples 
collected  after  the  first  pore  volume  was  eluted.  These  elution  curves  sug¬ 
gest  that  the  sediment  pore  water  is  the  initial  reservoir  of  leachable  nickel 
and  zinc  and  that  after  the  nickel  and  zinc  in  the  pore  water  is  eluted,  sedi¬ 
ment  bound  nickel  and  zinc  desorbs  only  slightly. 

Butvltln  in  Column  heachates .  Butyltin  concentrations  in  column  leach¬ 
ates  from  Oakland  Inner  and  Outer  harbor  sediments  are  provided  in  Table  V-30. 
Tetrabutyltin  was  below  the  detection  limits  in  all  samples,  and  tributyltin 
was  below  the  detection  limit  in  most  of  the  samples.  These  data  indicate  no 
release  of  tetrabutyltin  and  very  low  release  of  tributyltin  during  column 
leaching.  Di-  and  monobutyltin  releases  were  observed  during  column  leaching, 
but  there  were  no  distinct  trends  in  the  data.  Dibutyltin  was  the  most  abun¬ 
dant  butyltin  in  column  leachates.  For  Oakland  Inner  Harbor  sediment,  the 
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Figure  V-19.  Copper,  Mercury,  Nickel,  and  Lead  Elution  Curves  for 
Oakland  Outer  Harbor  Sediment  (circles  -  col.  1, 
triangles  -  col.  2,  squares  -  col.  3) 
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Figure  V-20.  Zinc  Elution  Curves  for  Oakland  Outer  Harbor  Sediment 
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Table  V-30 


Butvltlns  in  roliunn  Leachates  (ng/L) 


PV  Eluted 


Oakland  Inner  COHIl) 

<36.4 

152.6 

<22.5 

<22.9 

13.7 

Column  17 

2.5 

4.8 

7.3 

9.8 

19.6 

4TBT 

<9.6 

<8.4 

<9.3 

<9.5 

<8.1 

3TBT 

<36.4 

<20.3 

<22.5 

<22.9 

4.0 

2TBT 

38.9 

152.6 

20.7 

7.5 

41.5 

ITBT 

15.7 

23.3 

21.1 

4.5 

13.7 

Column  18 

2.5 

4.5 

7.8 

10.2 

21.2 

4TBT 

<7.6 

<8.9 

<8.1 

<6.9 

<9.7 

3TBT 

<18.4 

<1.4 

<1.5 

<16.6 

<0.9 

2TBT 

11.8 

8.1 

7.2 

29.9 

2.3 

ITBT 

9.6 

1.8 

5.9 

16.5 

<0.8 

Column  7 

1.5 

2.3 

4.6 

6.2 

12.7 

4TBT 

<8.6 

<7.6 

10.3 

<  9.2 

<  1.0 

3TBT 

1.1 

4.4 

2.9 

— 

10.7 

2TBT 

68.9 

17.9 

13.5 

9.4 

17.4 

ITBT 

12.1 

4.8 

5.7 

1.5 

13.9 

Colxomn  8 

1.6 

3.3 

4.8 

6.2 

12.3 

4TBT 

<  8.6 

<  7.7 

<  8.6 

<  8.4 

<  0.9 

3TBT 

<20.7 

<18,5 

3.6 

<  2.2 

12.0 

2TBT 

46.0 

15.8 

82.6 

34.7 

20.4 

ITBT 

21.3 

8.2 

27.8 

32.9 

7.1 

4TBT: 

Tetrabutyltin 

3TBT: 

Tributyltin 

2TBT; 

Dibutyltin 

ITBT: 

Monobutyl tin 

range  in  dibutyltin  concentrations  was  2.3  to  153  ng/L,  the  median  value  was 

16.3  ng/L,  and  the  mean  value  was  32.5  ng/L.  For  Oakland  Outer  Harbor  sedi¬ 
ment,  the  range  in  dibutyltin  concentrations  was  9.4  to  82.6  ng/L,  the  median 
value  was  19.2  ng/L,  and  the  mean  value  was  32.7  ng/L.  Dibutyltin  releases 
from  Oakland  Inner  and  Outer  Harbor  sediment  during  column  leaching  were, 
therefore,  similar  and  averaged  around  32  ng/L.  For  Oakland  Inner  Harbor 
sediment,  the  range  in  monobutyltln  concentrations  was  less  than  0.8  to 

23.3  ng/L,  the  median  value  was  11.7  ng/L,  and  the  mean  value  was  11.2  ng/L. 
For  Oakland  Outer  Harbor  sediment,  the  range  in  monobutyltln  concentrations 
was  1.5  to  32.9  ng/L,  the  median  value  was  10.2  ng/L,  and  the  mean  value  was 
13.5  ng/L.  Monobutyltln  releases  from  Oakland  Inner  and  Outer  Harbor  sediment 
during  column  leaching  were,  therefore,  similar  and  averaged  around  10  to 

11  ng/L. 
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PAHs  Ip  rnlumn  leachates.  PAH  compounds  in  column  leachates  were  near 
or  below  the  detection  limit  in  most  cases.  The  complete  data  set  is  pre¬ 
sented  in  Appendix  D.  Fluoranthene  and  pyrene  were  exceptions.  Figures  V-21 
and  V-22  show  fluoranthene  and  pyrene  column  elution  curves  for  Oakland  Inner 
and  Outer  Harbor  sediments,  respectively.  Initial  fluoranthene  and  pyrene 
concentrations  were  below  the  detection  limits,  but  as  column  leaching  pro¬ 
ceeded  concentrations  of  these  two  PAHs  increased.  With  the  exception  of 
fluoranthene  elution  in  column  18,  fluoranthene  and  pyrene  show  a  trend  for 
increase  after  2  pore  volumes  are  eluted  (Figures  V-21  and  V-22)  that  is  simi¬ 
lar  to  several  of  the  metal  elution  curves.  These  elution  curves  suggest  that 
leachable  reservoirs  of  fluoranthene  and  pyrene  in  Oakland  Harbor  sediments 
are  initially  low  and  then  increase. 

Discussion 


Sequential  Batch  Leach  Data 

Sequential  batch  leaching  of  both  anaerobic  and  aerobic  Oakland  Harbor 
sediment  did  not  follow  classical  desorption  theory.  The  appearance  of  peaks 
in  the  leachate  concentration  data  indicated  nonconstant  sediment  geochemistry 
and  nonconstant  distribution  coefficients  during  leaching.  If  constant  dis¬ 
tribution  coefficients  existed,  contaminant  concentrations  would  have 
decreased  during  sequential  batch  leaching.  The  changes  in  sediment  geochem¬ 
istry  are  reflected  in  the  changes  in  conductivity  during  sequential  leaching. 

The  nonconstant  partitioning  evident  in  the  sequential  batch  leach  data 
for  Oakland  Harbor  sediments  has  been  observed  in  previous  leaching  studies  on 
estuarine  sediments  (Myers  and  Brannon  1988;  Palermo  et  al.  1989).  Noncon¬ 
stant  partitioning  means  that  distribution  coefficients  change  as  the  solid 
phase  concentration  decreases  during  sequential  leaching  until  a  turning  point 
is  reached  (Figure  V-23).  The  nonconstant  portion  of  the  desorption  isotherm 
shown  in  Figure  V-23  is  related  to  elution  of  salt.  As  salt  is  eluted,  the 
ionic  strength  of  the  aqueous  phase  is  reduced.  Decreasing  ionic  strength 
increases  repulsive  forces  between  colloids  so  that  flocculated  colloidal 
matter  becomes  dispersed  in  the  water  phase.  Sediment  colloids  that  become 
dispersed  in  the  water  phase  carry  can  carry  contaminants  and  increase  the 
apparent  dissolved  concentration  of  these  contaminants  (Brannon  et  al.  1991). 
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Figure  V*22.  Fluoranthene  and  Pyrene  Elution  Curves  for  Oakland  Outer 
Harbor  Sediment  (circles  -  col .  17 , 
triangles  -  col.  18) 
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EQUILIBRIUM  LEACHATE  CONCENTRATION,  C 

Figure  V-23.  Desorption  Isotherm  Illustrating  Nonconstant  and 

Constand  Partitioning 

Thus,  deflocculation  of  sediment  colloids  is  probably  the  process  responsible 
for  nonconstant  partitioning. 

Anaerobic  isotherms.  Figures  V-24  through  V-26  show  desorption  isotherm 
plots  for  copper,  dibutyltln,  and  lead  for  anaerobic  Oakland  Inner  and  Outer 
Harbor  sediments.  The  points  in  these  figures  are  sediment  contaminant  con¬ 
centration-leachate  contaminant  concentration  pairs  from  the  sequential  batch 
leach  data.  Thus,  the  seven  points  in  each  figure  represent  the  seven  cycles 
in  the  sequential  batch  leach  test.  The  highest  point  relative  to  the  verti¬ 
cal  axis  is  the  data  pair  from  the  first  cycle,  the  second  highest  point 
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Figure  V-25.  Desorption  Isotherms  for  Dibutyltin 
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Figure  V-26.  Desorption  Isotherms  for  Lead 


relative  to  the  vertical  axis  is  the  data  pair  from  the  second  cycle,  and  so 
on.  Figure  V-27  shows  the  type  of  isotherm  obtained  when  the  distribution 
coefficient  is  constant.  The  nonconstant  partitioning  clearly  evident  in 
Figures  V-24  through  V-26  was  observed  for  most  of  the  contaminants  investi¬ 
gated  in  this  study.  PAHs  in  Oakland  Cuter  Harbor  sediment  were  an  exception 
in  that  peak  leachate  PAH  concentrations  were  observed  in  the  last  cycle  for 
several  of  the  PAH  compounds  (Table  V-19). 

Aerobic  data.  Oakland  Harbor  sediment  did  not  exhibit  the  pronounced 
drop  in  pH  following  oxidation  observed  for  other  marine  sediments  (Environ¬ 
mental  laboratory  1987a  and  1987b;  Myers  and  Brannon  1988)  or  observed  from  a 
grab  sample  of  Oakland  Inner  Harbor  surface  sediment  used  in  a  previous  study 
(Brannon,  Plumb,  and  Smith  1978).  The  present  study  used  composited  core 
samples  that  are  different  in  physical  and  chemical  characteristics  from  the 
grab  samples  and  that  are  more  representative  of  the  material  to  be  dredged. 


q^-INITlAL  SEDIMENT  CONTAMINANT  CONCENTRATION 
q  ^-LEACHABLE  SEDIMENT  CONTAMINANT  CONCENTRATION 
q^-SEDIMENT  CONTAMINANT  CONCENTRATION  RESISTANT  TO  LEACHING 
•  DENOTES  EXPERIMENTAL  DATA 


Figure  V-27.  Desorption  Isotherm  Illustrating  Constant  Partitioning 
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The  oxidation  of  Oakland  Harbor  sediment  resulted  in  increased  leaching 
of  metals  compared  to  anaerobic  sediment  (Tables  V-24  and  V-25).  The  increase 
in  metals  leaching  was  not  extremely  high,  but  leaching  under  aerobic  condi¬ 
tions  indicates  that  leachate  metals  concentrations  will  be  higher  if  dredged 
material  in  an  upland  facility  is  drained  to  the  extent  that  oxidizing  condi¬ 
tions  exist  throughout  the  dredged  material.  From  a  management  perspective, 
these  results  indicate  that  metals  mobility  can  be  reduced  by  maintaining 
anaerobic  conditions. 

Comparison  of  Sequential 
Batch  and  Column  Leach  Data 

Anaerobic  sequential  batch  and  column  tests  were  in  good  qualitative 
agreement  for  most  contaminants  in  Oakland  Inner  and  Outer  Harbor  sediments. 
Initial  contaminant  concentrations  in  column  leachates  tended  to  be  higher 
than  leachate  concentrations  from  the  first  cycle  of  the  sequential  batch 
leach  test.  Peaks  in  batch  leachate  data  indicating  nonconstant  sediment 
geochemistry  and  nonconstant  distribution  coefficients  were  confirmed  as 
increasing  contaminant  concentrations  in  column  leachate.  Specific  compari¬ 
sons  for  Oakland  Inner  and  Outer  Harbor  sediments  are  provided  below: 

Oakland  Inner  Harbor  Sediment. 

Silver.  Initial  Ag  concentrations  from  columns  were  higher  than  in  the 
first  cycle  of  the  batch  test  and  the  range  in  concentrations  was  larger 
in  the  column  than  in  batch  tests,  but  results  were  the  same  order  of 
magnitude.  The  long-term  trend  observed  during  batch  testing  of 
decreasing  Ag  concentrations  was  confirmed  during  column  testing. 

Arsenic .  Initial  concentrations  in  columns  were  similar  to  concentra¬ 
tions  in  the  first  cycle  of  the  batch  test.  The  trend  of  increasing 
concentrations  observed  during  batch  testing  was  confirmed  during  column 
testing.  The  decrease  in  concentration  following  the  peak  concentration 
in  batch  testing  was  also  confirmed  during  column  test. 

Cadmium.  Initial  Cd  concentrations  from  the  columns  were  higher  than  in 
the  first  cycle  of  the  batch  test;  thereafter  values  were  similar  in  the 
batch  and  column  tests.  The  increasing  concentration  trend  observed  in 
batch  testing  was  not  evident  in  column  testing. 

Chromium.  Concentrations  of  Cr  from  the  columns  were  higher  than  those 
in  the  batch  tests.  Increasing  Cr  concentrations  observed  in  the  batch 
tests  were  confirmed  during  column  testing. 

Copper .  Initial  Cu  concentrations  from  the  columns  were  slightly  higher 
than  in  the  first  cycle  of  the  batch  test.  Thereafter  values  were  simi¬ 
lar  in  batch  and  column  tests.  Increasing  Cu  concentrations  observed 
during  batch  testing  were  confirmed  in  2  of  3  colcunns . 

Mercury .  Initial  Hg  concentrations  much  higher  from  the  columns  than  in 
the  first  cycle  of  the  batch  test.  Thereafter,  values  were  similar  in 
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batch  and  column  tests.  The  long-term  trend  of  very  low  values  in  batch 
test  results  was  confirmed  in  column  tests. 

Nickel ■  Ni  concentrations  from  columns  were  higher  than  those  in  the 
batch  test.  Increasing  Ni  concentrations  observed  during  batch  testing 
were  partially  evident  during  column  testing  but  were  not  as  well 
defined. 

Lead.  Concentrations  of  Pb  from  columns  were  higher  than  those  in  the 
batch  test.  Increasing  Pb  concentrations  observed  in  batch  testing  was 
confirmed  in  2  of  3  columns . 

Zinc.  Initial  Zn  concentrations  from  the  columns  were  higher  than  in 
the  first  cycle  of  the  batch  test.  Thereafter,  values  were  similar  in 
batch  and  coltjunn  tests.  Increasing  Zn  concentrations  observed  in  the 
batch  tests  was  not  as  evident  during  column  testing. 

Butvltin.  Mono-  and  dibutyltin  concentrations  in  column  leachates  were 
somewhat  higher  than  mono-  and  dibutyltin  concentrations  in  batch  leach 
tests.  Increasing  mono-  and  dibutyltin  concentrations  followed  by 
decreasing  concentrations  that  were  observed  in  batch  testing  was  con¬ 
firmed  in  column  testing.  Tri-  and  tetrabutyltin  concentrations  were 
generally  near  or  below  the  detection  limit  in  column  and  batch 
leachates . 

PAHs .  Comparison  of  PAHs  in  batch  and  column  leach  tests  for  Oakland 
Inner  Harbor  sediment  Indicates  three  general  categories:  PAHs  that  were 
below  or  near  the  detection  limit  in  both  batch  and  column  leachates, 
PAHs  that  showed  increasing  concentrations  in  the  batch  test,  but  were 
below  or  near  the  detection  limit  in  the  column  leachates,  and  PAHs  for 
which  increasing  concentrations  observed  in  batch  testing  was  confirmed 
in  column  testing.  PAH  compounds  in  the  first  category  were  acenaphthy¬ 
lene  ,  acenaphthene ,  fluorene ,  phenanthrene ,  anthracene ,  chrysene , 
naphthalene,  benzo (a) -anthracene ,  indeno(l,2,3-c,d)-pyrene, 
dibenzo ( a, h) -anthracene ,  and  benzo(g,h, i) -perylene .  PAH  compounds  in 
the  second  category  were  benzo (b,k) -fluoranthene  and  benzo(a) -pyrene . 

PAH  compounds  in  the  third  category  were  fluoranthene  and  pyrene . 

Oakland  Outer  Harbor  Sediment. 

Silver.  Initial  Ag  concentrations  from  the  columns  were  higher  than  in 
the  first  cycle  of  the  batch  test.  Thereafter,  values  were  similar  in 
batch  and  column  tests.  The  long-term  trend  for  steady  then  decreasing 
Ag  concentrations  in  batch  tests  was  confirmed  in  column  testing. 

Arsenic .  Initial  As  concentrations  from  the  columns  were  slightly 
higher  than  in  the  first  cycle  of  the  batch  test.  Thereafter,  values 
were  similar  in  the  batch  and  column  tests.  Increasing  As  concentra¬ 
tions  observed  in  batch  testing  was  confirmed  in  column  testing. 

Cadmium.  Initial  Cd  concentrations  from  the  columns  were  higher  than  in 
the  first  cycle  of  the  batch  test.  Thereafter,  values  were  similar  in 
batch  and  column  tests.  Increasing  Cd  concentrations  observed  in  batch 
testing  were  confirmed  in  column  testing. 

Chromium.  Initial  Cr  concentrations  from  the  colvunns  were  much  higher 
than  in  the  first  cycle  of  batch  test.  Thereafter,  values  were  similar 
in  batch  and  column  tests.  Increasing  Cr  concentrations  observed  in  the 
batch  tests  was  not  confirmed  in  column  testing. 
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Copper ■  Except  for  one  column,  initial  Cu  concentrations  from  the  col¬ 
umns  were  similar  to  concentrations  in  the  first  cycle  of  the  batch 
test.  Thereafter,  column  concentrations  were  slightly  higher  than  batch 
leachate  concentrations.  Increasing  Cu  concentrations  observed  in  the 
batch  testing  was  confirmed  in  column  testing. 

Mercury.  Initial  Hg  concentrations  from  the  columns  were  lower  than  the 
concentrations  in  the  first  cycle  of  the  batch  test.  Thereafter,  con¬ 
centrations  were  similar  in  batch  and  column  tests.  Decreasing  Hg  con¬ 
centrations  observed  in  the  batch  tests  was  confirmed  in  column  testing. 

Nickel .  Initial  Ni  concentrations  from  the  columns  were  much  higher 
than  in  the  first  cycle  of  batch  test.  Thereafter,  values  were  similar 
in  the  batch  and  column  tests.  Increasing  Ni  concentrations  observed  in 
the  batch  tests  was  not  confirmed  in  column  testing. 

Lead.  Except  for  one  column,  initial  Pb  concentrations  from  the  columns 
were  similar  to  concentrations  in  the  first  cycle  batch  test.  There¬ 
after,  concentrations  were  similar  in  batch  and  column  tests. 

Increasing  Pb  concentrations  observed  in  the  batch  tests  was  confirmed 
in  column  testing. 

Zinc.  Initial  Zn  concentrations  from  the  columns  were  much  higher  than 
in  the  first  cycle  of  batch  test.  Thereafter,  values  were  similar  in 
the  batch  and  column  tests.  Increasing  Zn  concentrations  observed  in 
batch  testing  was  not  well  defined  in  column  testing. 

Butvltin.  Mono-  and  dibutyltin  concentrations  in  column  leachates  were 
higher  than  mono-  and  dibutyltin  concentrations  in  batch  leach  tests. 
Increasing  mono-  and  dibutyltin  concentrations  followed  by  decreasing 
concentrations  observed  in  batch  testing  was  confirmed  in  column  test¬ 
ing.  Tri-  and  tetrabutyltin  concentrations  were  generally  near  or  below 
the  detection  limit  in  column  and  batch  leachates. 

PAHs .  Comparison  of  PAHs  in  batch  and  column  leach  tests  for  Oakland 
Outer  Harbor  sediment  indicates  that  leaching  of  PAHs  from  Oakland  Outer 
Harbor  sediment  differs  from  the  leaching  of  PAHs  from  Oakland  Inner 
Harbor  sediment.  Only  two  of  three  categories  used  to  compare  batch  and 
column  leaching  of  PAHs  from  Oakland  Inner  Harbor  sediment  are  applica¬ 
ble  to  Oakland  Outer  Harbor  sediment.  The  first  category  (PAHs  that 
were  below  or  near  the  detection  limit  in  both  batch  and  column  leach¬ 
ates)  applies  to  leaching  of  acenaphthylene,  acenaphthene ,  and 
dibenzo ( a, h) -anthracene  from  Oakland  Outer  Harbor  sediment.  None  of  the 
PAH  compounds  in  Oakland  Outer  Harbor  sediment  fit  the  second  category 
(PAHs  that  showed  increasing  concentrations  in  the  batch  test,  but  were 
below  or  near  the  detection  limit  in  the  column  leachates) .  The  third 
category  (PAHs  for  which  increasing  concentrations  observed  in  batch 
testing  was  confirmed  in  column  testing)  applies  to  leaching  of  fluoran¬ 
thene,  pyrene,  chrysene,  benzo(a) -anthracene ,  benzo(b ,k) - fluoranthene , 
benzo (a) -pyrene ,  and  benzo- (g,h, i) -perylene  from  Oakland  Outer  Harbor 
sediment.  For  some  of  the  PAHs  in  the  third  category,  the  maximum  con¬ 
centration  in  the  batch  test  occurred  in  the  final  cycle  of  the  leach 
test.  For  five  PAH  compounds  in  Oakland  Outer  Harbor  sediment  (naphtha¬ 
lene,  fluorene,  phenanthrene ,  anthracene,  and  indeno(l, 2, 3-c,d) -pyrene) 
the  batch  leachate  concentrations  were  low  and  did  not  show  well-defined 
trends.  The  column  data,  however,  showed  well  defined  trends  for 
increasing  concentrations  as  the  number  of  pore  volumes  eluted 
increased. 
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Integrated  Approach 

As  discussed  In  the  preceding  section,  there  is  qualitative  agreement 
between  batch  and  column  leach  test  for  most  of  the  contaminants  in  Oakland 
Harbor  sediments.  When  the  batch  data  indicate  nonconstant  partitioning  with 
peak  contaminant  concentrations  occurring  after  several  cycles  of  leaching, 
the  column  tests  generally  show  increases  in  contaminant  concentrations  after 
several  pore  volumes  have  been  eluted.  In  this  section,  the  extent  to  which 
batch  and  column  leach  tests  quantitatively  agree  is  discussed. 

An  integrated  approach  (Figure  V-28)  involving  predicted  and  observed 
column  elution  curves  is  used  to  make  quantitative  comparisons.  In  the  inte¬ 
grated  approach,  information  from  sequential  batch  leach  tests,  soils  tests, 
and  column  operation  conditions  are  used  in  a  contaminant  transport  equation 
to  predict  column  elution  histories.  The  one -dimensional  contaminant  trans¬ 
port  equation  for  steady- flow,  saturated  coltunns  on  which  the  integrated 
approach  is  based  is  given  below  (Hill,  Myers,  and  Brannon  1988). 
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where 

Dp  -  dispersion  coefficient  for  i*'*'  contaminant,  cmVsec 
Ci  -  pore  water  concentration  of  i^**  contaminant,  mg/L 
z  -  distance  from  water  entrance  to  sediment  column,  cm 
V  -  average  pore  water  velocity,  cm/sec 
t  -  time,  sec 

S  -■  interphase  contaminant  transfer,  mg/L  sec 
Pb  -  bulk  density,  kg/L 
n  -  porosity,  dimensionless 

-  solid  phase  concentration  of  i*’*‘  contaminant,  mg/kg 
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Figure  V*28.  Integrated  Approach  for  Examining  the  Source  Term 


Full  implementation  of  the  integrated  approach  to  leaching  of  contami¬ 
nants  from  estuarine  sediments  has  not  been  possible  because  a  mathematical 
formulation  of  the  interphase  contaminant  transfer  term  (S)  for  nonconstant 
partitioning  has  not  been  available  (Myers  and  Brannon  1988;  Palermo  et  al. 
1989).  In  this  report,  a  source  term  formulation  that  captures  the  main  fea¬ 
tures  of  nonconstant  partitioning  is  presented  for  the  first  time.  Develop¬ 
ment  of  a  complete  mix  equation  with  equilibrium- controlled  nonconstant 
partitioning  is  briefly  described  below.  As  also  discussed  below,  the  com¬ 
plete  mix  equation  is  not  applicable  to  Oakland  Inner  Harbor  sediment.  Thus, 
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application  of  the  integrated  approach  to  Oakland  Harbor  sediments  was  not 
fully  successful. 

Application  of  the  local  equilibrivun  assumption  to  dredged  material 
(Myers,  Brannon,  and  Price  1992)  yields 


q  *  K^C 

where 


(7) 


Kj  -  equilibrium  distribution  coefficient,  L/kg 

Kd  is  contaminant  and  sediment  specific.  Taking  the  derivative  with  respect 
to  time  and  assuming  is  a  constant  yields 


3q  =  _  ]  »  _  r  9C 

7t  —W~  “  '5^ 


(8) 


Contaminant  transport  equations  based  on  equations  7  and  8  are  available  and 
have  been  applied  to  leaching  of  freshwater  sediments  (Environmental  Laborato 
ry  1987a  and  1987b) .  These  models  predict  elution  curves  that  monotonically 
decrease  and,  therefore,  are  not  applicable  to  estuarine  sediments;  for  which 
contaminant  concentrations  do  not  monotonically  decrease  in  either  batch  or 
coluunn  leach  tests . 

For  nonconstant  K^,  equation  7  is  written  as 


q  =  KiiT}  C  (9) 

where  Kd(T)  is  some  function  of  T  ,  the  number  of  pore  volumes  eluted. 

nee  the  nonconstant  characteristic  of  Kj  is  related  to  salt  elution 
(Brannon  et  al.  1991)  and  salt  elution  is  a  decaying  exponential,  Kd(T)  is 
written  as 
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*  (Ki  -  kJ)  exp(-^r) 


(10) 


where 

Kj®  -  initial  distribution  coefficient,  that  is,  before  salt  has  been 
washed  out ,  L/kg 

K<j^  -  freshwater  distribution  coefficient,  that  is,  after  salt  has  been 
washed  out ,  L/kg 

0  -  empirical  coefficient,  dimensionless 

Substituting  into  equation  9  from  equation  10  for  Kd(T)  and  taking  the  deriva¬ 
tive  with  respect  to  T  yields 


dq 

-3T 


-  K^)eXP(-0T)^ 


(11) 


Through  the  proper  change  of  variable,  dq/dT  as  given  in  equation  11  can  be 
substituted  into  equation  6  and  then  into  equation  5.  The  result,  however,  is 
a  partial  differential  equation  for  which  there  are  no  published  solutions. 

The  equation  could  be  solved  numerically,  but  development  of  a  numerical  model 
for  nonconstant  partitioning  was  beyond  the  scope  of  this  study.  Instead,  a 
complete  mix  equation  was  developed  that  includes  nonconstant  partitioning  but 
neglects  convective  and  dispersive  effects  in  the  column.  The  complete  mix 
equation  is 


C  *  ^ 


Substituting  from  equation  11  for  dq/dT  yields 
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For  the  initial  condition  of  C(0)-Co  ,  the  solution  of  equation  13  is 
C(T)~C,  EXP^^  *  ^  In(B^D)  -  |  -  -p  ln(B  ♦  D  £XP(-^r))j 

where 

A  -  /3  Pb  (Kd°  -  Ka')/n 
B  -  1  +  (Pb  Kd*)/n 

D  -  Pb  (Kd°  -  Kd‘)/n 

Setting  equation  13  equal  to  zero  yields 

■  B) 

where 

Tp  -  number  or  pore  volumes  eluted  to  reach  the  peak  concentration 

Model  parameters  for  metals  in  Oakland  Inner  and  Outer  Harbor  sediments 
are  presented  in  Table  V-31.  Also  presented  in  Table  V-31  are  Tp  values 
predicted  by  equation  15.  Butyltin  model  parameters  are  not  presented  because 
batch  and  column  data  did  not  qualitatively  agree  for  butyltin.  Model  parame¬ 
ters  were  obtained  by  analyzing  contaminant  desorption  isotherms  obtained  from 
the  anaerobic  sequential  batch  leach  data.  Desorption  isotherm  analysis 
involved  finding  slopes  and  intercepts  and  judgement  as  to  what  portions  of 
the  isotherms  to  include  in  the  analysis.  For  some  metals,  the  desorption 
isotherms  were  not  well-defined,  so  that,  model  parameters  could  not  be 
obtained.  PAH  desorption  Isotherms  could  not  be  analyzed  for  model  parameters 
because  leachate  PAH  concentrations  were  still  increasing  at  the  last  cycle  in 
the  sequential  batch  leach  test. 

The  predicted  Tp  values  in  Table  V-31  overestimate  the  number  of  col¬ 
umn  pore  volumes  required  for  appearance  of  peak  concentrations.  The  pre¬ 
dicted  peak  positions  for  Oakland  Inner  Harbor  sediment  were  especially  high 
relative  to  the  column  data.  The  predictions  for  Oakland  Outer  Harbor  sedi¬ 
ment  are  in  closer  agreement  with  the  observed  data.  Better  agreement  between 
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Table  V-31 


Model  Parameters  ar.d  Predicted  Peak  Locations 


Sediment /Metal 

—B— 

Oakland  Inner  (OHIl) 

Arsenic 

282 

183 

0.115 

30.7 

Cadmium 

91 

1.4 

0.168 

22.8 

Chromium 

589 

5.6 

0.120 

44.5 

Copper 

355 

8.1 

0.122 

39.8 

Nickel 

200 

1.8 

0.115 

36.8 

Lead 

1995 

4.4 

0.159 

43.3 

Zinc 

199 

2.2 

0.129 

33.7 

Oakland  Outer  (OHO) 

Arsenic 

40 

4.5 

0.142 

10.1 

Cadmium 

279 

4.8 

0.403 

11.2 

Chromium 

525 

3.3 

0.339 

14.7 

Copper 

1500 

3.2 

0.596 

14.3 

Nickel 

302 

4.6 

0.415 

11.1 

Lead 

10016 

2.2 

0.889 

10.0 

Zinc 

498 

5.6 

0.431 

14.1 

predicted  and  observed  for  Oakland  Outer  Harbor  sediment  than  for  Oakland 
Inner  Harbor  sediment  is  to  be  expected  since  the  complete  mix  model,  as  pre¬ 
viously  discussed,  does  a  better  job  of  predicting  electrical  conductivity 
elution  for  Oakland  Outer  Harbor  sediment  than  for  Oakland  Inner  Harbor  sedi¬ 
ment.  Because  the  complete  mix  model  with  batch  developed  model  parameters 
significantly  overestimates  peak  positions  on  the  elution  curves  for  Oakland 
Inner  Harbor  sediment,  predicted  elution  curves  were  not  developed  for  Oakland 
Inner  Harbor  sediment. 

Comparisons  of  predicted  and  observed  elution  curves  are  shown  in  Fig¬ 
ures  V-29  and  V-30  for  copper  and  zinc  in  Oakland  Outer  Harbor  sediment, 
respectively.  The  predicted  curves  are  based  on  the  model  parameters  listed 
in  Table  V-30.  The  predicted  and  observed  elution  curves  for  these  contami¬ 
nants  were  selected  for  discussion  because  they  are  representative  of  pre¬ 
dicted  and  observed  elution  curves  for  other  metals . 

Figure  V-29  shows  that  the  complete  mix  model  with  nonconstant  equilib¬ 
rium  partitioning  simulates  the  general  behavior  of  copper  elution  from  Oak¬ 
land  Outer  Harbor  sediment,  but  the  rising  limb  of  the  predicted  curve  does 
not  rise  rapidly  enough.  The  available  column  data  are  not  sufficient  to 
determine  if  the  predicted  location  of  the  peak  on  the  elution  curve  is  accu¬ 
rate  or  if  the  declining  limb  of  the  predicted  curve  models  column  elution  of 
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Zinc  (ug/L) 


PORE  VOLUMES  ELUTED 


Figure  V-29.  Predicted  and  observed  copper  elution  from 


Figure  V-30.  Predicted  and  Observed  Zinc  Elution  from  Oakland  Outer 
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copper.  Other  contaminants  with  similar  predicted  and  observed  elution  curves 
were  cadmium  and  lead. 

Figure  V-30  shows  that  the  complete  mix  model  with  nonconstant  equilib¬ 
rium  partitioning  partially  simulates  the  elution  of  zinc  from  Oakland  Outer 
Harbor  sediment.  The  tendency  of  zinc  concentrations  to  increase  after  2  pore 
volumes  were  eluted  was  simulated,  but  the  initially  high  concentrations 
observed  in  column  leachate  were  not  simulated.  The  initial  cadmium,  copper, 
and  lead  concentrations  were  also  elevated  relative  to  the  concentrations 
observed  around  1.5  pore  volumes  eluted,  but  the  differences  between  initial 
concentrations  and  concentrations  observed  later  were  not  as  large  as  those 
for  zinc  and  nickel.  As  with  copper,  the  available  column  data  are  not  suffi¬ 
cient  to  determine  if  the  predicted  location  of  the  peak  on  the  elution  curve 
is  accurate  or  if  the  declining  limb  of  the  predicted  curve  models  column 
elution  of  zinc.  The  predicted  and  observed  elution  curves  for  nickel  were 
similar  to  those  for  zinc. 

Figures  V-29  and  V-30  indicate  that  equation  10  may  provide  a  basis  for 
modeling  nonconstant  partitioning  in  estuarine  sediments.  The  predicted  and 
observed  column  elution  curves  show  the  type  of  nonconstant  partitioning 
observed  in  the  batch  test.  The  complete  mix  model,  however,  does  not  ade¬ 
quately  predict  the  location  of  peak  values  on  the  elution  curves  for  Oakland 
Inner  Harbor  sediment.  A  good  fit  for  the  model  could  be  obtained  by  finding 
column  best  fit  parameters,  but  the  emphasis  in  this  study  was  on  testing  the 
application  of  parameters  obtained  from  batch  data.  A  solution  (analytical  or 
numerical)  for  equation  5  with  the  formulation  for  nonconstant  partitioning 
given  in  equation  10  is  needed  to  fully  test  the  adequacy  of  the  formulation. 


Leachate  Impacts  and  Controls 


Leachate  Flow 

Leachate  from  dredged  material  placed  in  a  disposal  site  is  produced  by 
three  potential  sources:  the  original  pore  water,  or  interstitial  water  from 
the  dredged  material,  net  movement  of  precipitation  through  the  dredged 
material,  and,  for  nearshore  sites,  ground  water  or  estuary  water  contacting 
the  dredged  material  as  a  result  of  tidal  ptuuping.  A  confined  disposal 
facility  (CDF)  adjoining  a  waterway  may  be  affected  by  tidal  pumping  if  the 
CDF  walls  are  permeable.  For  this  analysis,  the  assumption  was  made  that  CDFs 
will  be  sited  in  an  upland  location  where  tidal  pumping  is  not  a  factor. 
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Leachate  generation  In  a  CDF  depends  on  dredged  material  hydraulic  con¬ 
ductivity,  initial  water  content,  and  local  hydrology.  After  filling,  dredged 
material  in  a  CDF  is  initially  saturated  (all  voids  are  filled  with  water) . 

As  evaporation  and  seepage  removes  water  from  the  voids,  the  amount  of  water 
stored  and  available  for  gravity  drainage  decreases.  After  some  time,  usually 
several  years,  a  quasi -equilibrium  is  reached  in  which  water  that  seeps  or 
evaporates  is  replenished  by  infiltration  through  the  surface.  The  amount  of 
water  stored  when  a  quasi-equilibrium  is  reached  and  the  amount  of  water 
released  before  a  quasi -equilibrium  is  reached  is  highly  dependent  on  local 
hydrology,  dredged  material  properties,  and  facility  design  factors.  To  pre¬ 
dict  time-varying  leachate  flow,  all  these  factors  must  be  considered. 

Preproject  estimation  of  leachate  flow,  therefore,  requires  coupled 
simulation  of  local  weather  patterns  and  surface  and  subsurface  processes 
governing  leachate  generation.  Important  climatic  processes  and  factors 
include  precipitation,  temperature,  and  humidity.  Important  surface  processes 
include  infiltration,  snowmelt,  runoff,  and  evaporation.  Important  subsurface 
processes  include  evaporation  from  dredged  material  voids  and  flow  in  unsatu¬ 
rated  and  saturated  zones.  The  Hydrologic  Evaluation  of  Landfill  Performance 
(HELP)  model  (Schroeder  et  al.  1988)  was  used  to  simulate  these  processes  for 
selected  CDF  designs  for  Oakland  Inner  and  Outer  Harbor  sediments.  HELP  is  a 
hydrologic  water  budget  model  that  accounts  for  the  effects  of  surface  stor¬ 
age,  runoff,  infiltration,  percolation,  evapotranspiration,  soil  moisture 
storage,  lateral  drainage  to  leachate  collection  systems,  and  percolation 
through  liners. 

Five  alteimative  scenarios  were  selected  to  demonstrate  use  of  the  HELP 
model  for  estimation  of  percolation  rates  and  to  compare  control  measures  for 
a  CDF.  Scenarios  for  CDF  alternatives  with  3-ft  and  12-ft  depths,  with  and 
without  liners,  and  with  and  without  caps  were  investigated.  The  alternatives 
are  described  as  follows: 

a.  Scenarios  Al  and  A2.  Disposal  of  Oakland  Inner  and  Outer  Harbor 
sediments  is  in  separate  CDFs,  Al  and  A2,  respectively.  These  scenarios 
include  no  controls,  other  than  routine  management  of  the  CDF  surface  to 
provide  fc .  drainage  of  surface  runoff.  Fill  depth  is  12-ft  and  the 
volume  of  dredged  material  is  3.7  and  2.8  million  cubic  yards  for  Inner 
and  Outer  Oakland  sediments,  respectively. 

b.  Scenarios  B1  and  B2.  Scenarios  B1  and  B2  are  the  same  as  scenarios 
Al  and  A2  except  that  dredged  material  is  disposed  in  a  single  3-ft 
lift. 
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c.  Scenario  C.  Oakland  Outer  Harbor  dredged  material  is  placed  in  the 
bottom  of  the  CDF  to  depth  of  2.4  ft  and  a  9.6  ft  layer  of  Oakland  Inner 
Harbor  dredged  material  is  placed  on  top.  Volumes  are  3.7  million  and 
0.925  million  cubic  yards  for  Oakland  Inner  and  Outer  Harbor  sediments, 
respectively.  This  scenario  places  the  material  with  the  lower  hydrau¬ 
lic  conductivity  in  the  bottom  of  the  CDF.  The  advantages  provided  by 
placing  the  material  with  the  lower  hydraulic  conductivity  in  the  bottom 
is  partially  offset  by  increased  infiltration  of  rainfall  through  the 
more  permeable  surface  material. 

d.  Scenario  D.  Oakland  Inner  Harbor  dredged  material  is  placed  in  the 
bottom  of  the  CDF  to  a  depth  of  9.6  ft  with  a  2.4  ft  layer  of  Oakland 
Outer  Harbor  sediment  on  top.  Volumes  are  3.7  million  and  0.925  million 
cubic  yards  for  Oakland  Inner  and  Outer  Harbor  sediments,  respectively. 
This  scenario  Illustrates  the  benefits  of  a  less  permeable  surface 
material . 

e.  Scenario  E2 .  A  leachate  collection  system  and  a  composite  liner  are 
used  to  reduce  the  amount  of  leachate  percolating  through  the  bottom  of 
the  CDF  for  scenario  C.  The  liner  consists  of  a  1  ft  thick  barrier  soil 
with  a  hydraulic  conductivity  of  1  E-07  cm/sec  and  a  flexible  membrane 
liner.  Above  the  flexible  membrane  liner  is  a  1  ft  layer  of  sand  with  a 
hydraulic  conductivity  of  6  E-03  cm/sec.  Leachate  collection  pipes  are 
placed  every  600  ft  in  the  sand  layer  and  drainage  to  the  pipes  is  pro¬ 
vided  by  a  slope  of  0.01  percent.  The  collected  leachate  could  be 
treated  on  site  system  or  tran‘?ported  to  an  appropriate  wastewater 
treatment  facility. 

HELP  model  runs  for  each  of  these  scenarios  used  the  same  basic  parame¬ 
ters  (Table  V-32).  Climatic  data  were  generated  for  a  ten  year  period  by  the 
model,  based  on  historical  climatic  data  for  the  San  Francisco  area.  A  Soil 
Conservation  Service  runoff  curve  number  of  88  was  used.  The  surface  of  the 
CDF  was  assumed  to  be  devoid  of  vegetation.  Dredged  material  was  assumed  to 
be  saturated  at  the  water  content  for  the  permeability  point  representing  the 
highest  void  ratios.  Hydraulic  conductivities  of  Oakland  Inner  and  Outer 
Harbor  sediments  as  a  function  of  void  ratio  are  shown  in  Figure  V-31. 

Dredged  material  placed  in  a  disposal  site  will  consolidate  and  developing 
lower  void  ratios  with  time.  Hydraulic  conductivities  for  Oakland  Inner  Har¬ 
bor  sediment  ranged  from  0.35  E-07  to  5.8  E-07  cm/sec  and  for  Oakland  Outer 
Harbor  sediment  from  0.83  E-05  to  1.3  E-05  cm/sec.  Lower  void  ratios,  which 
represent  lower  water  contents,  produce  lower  hydraulic  conductivities. 
Laboratory  hydraulic  conductivities  at  the  highest  void  ratios  were  used  in 
the  analyses  presented  in  this  report,  but  field  hydraulic  conductivities 
could  be  higher.  Important  factors  that  increase  field  hydraulic  conductivi¬ 
ties  for  the  total  sediment  mass  are  flow  around  debris  and  flow  through  zones 
containing  high  permeability  materials,  such  as,  sand  and  gravel.  Water  flow¬ 
ing  around  debris  and  in  high  permeability  zones  is  not  in  as  intimate  contact 
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Table  V.32 

Sediment  Data  for  Help  Model  Simulations 


_ f^rsagteg _ 

Initial  water  content,  percent 
Specific  gravity  of  solids 
Hydraulic  conductivity,  cm/sec 


_ Sediment _ 

Oakland  Inner  (OHll)  Oakland  Outer  (OHO) 


30.6 

2.73 

1.3  E-05 


105.9 

2.73 

5.8  E-07 


Figure  V-31.  Hydraulic  Conductivity  Versus  Void  Ratio 

with  contaminated  sediment  as  leachate  produced  in  laboratory  leach  tests. 
While  field  hydraulic  conductivities  may  be  higher  than  these  determined  in 
the  laboratory,  contaminant  desorption  is  likely  to  be  lower. 

Figure  V-32  shows  the  annual  percolation  from  the  base  of  a  CDF  for  the 
first  ten  years  of  operation  for  scenarios  A-E.  The  high  rates  during  the 
early  years  are  a  result  of  drainage  of  pore  water  with  the  material  when  ini¬ 
tially  placed  in  the  site.  By  the  tenth  year  fluctuations  appear  to  reach 
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YEARS 

Figure  V-32,  HELP  Model  Estimates  of  Annual  Percolation  Rates 


quasi-steady  conditions  with  perturbations  caused  by  varying  climatic  condi¬ 
tions.  Scenarios  Al,  Bl,  and  D  have  higher  initial  percolation  rates,  and 
scenarios  B2  and  E  have  the  lowest  initial  percolation  rates.  The  lined 
alternative  (E)  has  the  lowest  initial  percolation  rate,  but  after  year  4 
there  is  little  difference  between  this  alternative  and  the  other 
alternatives . 

Table  V-33  compares  the  cumulative  percolation  volumes  from  the  alterna¬ 
tive  CDFs  over  the  10  year  period.  The  tenth  year  volumes  show  that  scenario 
B  >  A  >  C  >  D.  HELP  runs  for  Scenario  E  produced  generally  lower  percolation 
volumes  (Table  V-33)  because  of  effect  of  the  liner.  Also  shown  in  Table  V-33 
are  the  effects  of  depth  and  permeability.  Shallower  depths  provide  larger 
surface  areas  for  evapotranspiration  and  rainfall  infiltration.  The  higher 
permeability  material  produced  greater  percolation  volumes  at  3  Ft  than  at 
12  Ft  depth.  Table  V-33  shows  that  the  percolation  volume  from  the  HELP  model 
is  significantly  lower  than  the  equivalent  percolation  volume  in  one  cycle  of 
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Table  V-33 

Comparison  of  Percolation  Volumes*  to  Batch  Leach  Test  Equivalents 


Scenario 

Percolation 
Volume 
Years  1-10 
(cu  ft) 

Equivalent 
Volume 
per  Cycle 
(cu  tt) 

Percolation 

Volume 

Years  1-10 
(leach  cycles) 

Average 
Annual 
Percolation 
(cu  ft) 

Percolation 
Time  for 

1  Step 
(vears) 

A1 

2.78  E+7 

4.34  E+8 

0.064 

2.78  E+6 

156 

A2 

8.38  E+6 

1.78  E+8 

0.047 

8.38  E+5 

212 

B1 

6.59  E+7 

1.08  E+8 

0.610 

6.59  E+6 

16 

B2 

1.12  E+6 

4.45  E+7 

0.025 

1.12  E+5 

397 

C 

3.27  E+7 

3.94  E+8 

0.083 

3.27  E+6 

120 

D 

2.23  E+7 

2.12  E+8 

0.105 

2.23  E+6 

95 

E 

1.10  E+6 

3.94  E+8 

0.003 

1.10  E+5 

3580 

*  Based  on  HELP  model. 

the  sequential  batch  leach  test.  The  leaching  cycle  volume  is  based  on  the 
water  content  of  the  sediment,  the  volume  of  dredged  material,  and  the  liquid- 
to- solids  ratio  used  in  the  batch  test.  The  average  annual  percolation  rate 
for  ten  year  simulation  period  was  assumed  to  continue  at  that  rate  for  suc¬ 
ceeding  years  in  order  to  calculate  the  number  of  years  of  percolation  equiva¬ 
lent  to  the  leaching  volume  of  the  first  cycle  of  the  batch  leach  test.  This 
time  period  ranges  from  16  to  3580  years.  These  estimates  are  on  the  low  side 
because  as  shown  in  Figure  V-32  percolation  rates  in  the  first  two  years  are 
much  higher  than  in  later  years.  Therefore,  the  total  mass  of  contaminant 
released  in  cycles  of  batch  leaching  test  is  a  long-term  projection  of  contam¬ 
inant  loss  via  leaching. 

Assessment  of  Leachate  Contamin£.nt  Releases 

As  shown  in  Table  V-33,  worst -case  leachate  movement  Oakland  Harbor 
dredged  material  will  require  many  years  to  represent  a  single  step  of  the 
batch  leaching  test.  Therefore,  leachate  quality  for  the  first  step  or  for 
interstitial  water  initially  contained  in  the  sediment  is  appropriate  for 
comparison  to  regulatory  limits.  Table-^  V-34  and  V-35  compare  interstitial 
water  and  the  first  step  leachate  to  regulatory  limits  issued  by  the 
California  Regional  Water  Quality  Control  Board  and  to  maximum  contaminant 
levels  (MCLs)  established  under  the  Safe  Drinking  Water  Act.  MCLs  were  not 
exceeded  by  any  of  the  leachate  data.  Effluent  or  discharge  limitation 
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Table  V-34 


Comparison  of  Leachate  Concentrations  (up/L)  to  Repulatory  LlffilSs 
for  Oakland  Outer  Harbor  Sediment  (OHO) 


Inter- 

Step  1 

rt 

Maximum 

Receiving 

stitial 

Anaerobic 

Aerobic  Contaminant 

Effluent 

Water 

Constituent 

Water 

Leachate 

Leve 1 * 

Limits 

Limits _ 

Arsenic 

43 

32 

1.6 

50 

50 

1 

Cadmium 

0.20 

0.30 

0.89 

10 

1.8 

0.65 

Chromium 

2.0 

2.4 

1.2 

50 

16 

98 

Copper 

46 

2.6 

12 

9.2 

6.5 

Mercury 

0.080 

0.0070 

0.016 

2 

2.4 

0.012 

Zinc 

24 

20 

29 

65 

59 

Tributyltin 

16 

0.024 

0.027 

0.08 

0.02 

*  Level  specified  for  compliance 

with  Safe  Drinking  Water  Act. 

Table  V-35 

For  Oakland  Inner  Harbor  Sediment  COHIl) 


Constituent 

Inter¬ 

stitial 

Water 

Step  1 
Anaerobic 
Leachate 

Step  1 
Aerobic 
Leachate 

Maximum 
Contaminant 
Leve 1* 

Effluent 

Limits 

Receiving 

Water 

Limits 

Arsenic 

44 

1.8 

0.95 

50 

50 

1 

Cadmium 

0.26 

0.29 

2.5 

10 

1.8 

0.65 

Chromium 

1.6 

2.0 

0.90 

50 

16 

98 

Copper 

50 

2.2 

6.8 

9.2 

6.5 

Mercury 

0.20 

0.024 

0.0042 

2 

2.4 

0.012 

Zinc 

39 

70 

65 

65 

59 

Tributyltin 

12 

0.015 

0.017 

0.08 

0.02 

standards  for  copper  and  tributyltin  were  exceeded  in  at  least  one  test  for 
Oakland  Inner  and  Outer  Harbor  sediments.  Effluent  limitation  standards  for 
cadmium  and  zinc  also  were  exceeded  for  the  Oakland  Inner  Harbor  sediment. 
Receiving  water  limits  were  exceeded  for  all  contaminants  listed  on  Tables  V- 
34  and  V-35  except  for  chromium  for  both  sediments  and  zinc  in  the  Oakland 
Inner  sediment. 

Environmental  impacts  are  often  assessed  on  the  basis  of  contaminant 
loss  from  a  disposal  site.  Contaminant  losses  by  leaching  from  Oakland  Harbor 
sediment  were  estimated  using  leachate  quality  from  laboratory  testing  and 
leachate  flows  from  the  HELP  model.  Tables  V-36  and  V-37  present  contaminant 
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Table  V-36 


Contaminant  Loss  Estimates  for  Leachate  from 
Oakland  Outer  Harbor  Sediment*  (OHO) 


Constituent 

Sediment 
Cone . 
mg/kE 

Total  Mass 
Contaminant 
kE 

Leachate 
Cone . 
«e/L 

Contaminant 
Loss-Yr  1 
kg/vr 

Contaminant 
Loss-Yr  10 
kE/vr 

Arsenic 

10 

13,800 

43 

3.5 

0.33 

Cadmium 

0.96 

1,325 

0.89 

0.072 

0.0068 

Chromium 

320 

442,000 

2.4 

0.19 

0.018 

Copper 

100 

138,000 

46 

3.7 

0.35 

Mercury 

1 

1,380 

0.08 

0.006 

0.00061 

Zinc 

220 

303,751 

29 

2.3 

0.22 

Tributyltin 

0.7 

966 

16 

1.3 

0.12 

*  Scenario 

A2,  12- ft  depth  and  no  controls. 

Table  V-37 

Contaminant  Loss  Estimates  for  Leachate  from 

Oakland  Inner  Harbor 

Sediment* 

fOHIl^ 

Constituent 

Sediment 
Cone . 
mE/kg 

Total  Mass 
Contaminant 

kE 

Leachate 

Cone. 

we/L 

Contaminant 
Flux-Yr  1 
kg/vr 

Contaminant 
Flux-Yr  10 
kE/vr 

Arsenic 

5.9 

24,200 

44 

16 

1.3 

Cadmium 

0.37 

1,519 

2.5 

0.91 

0.076 

Chromium 

590 

2,420,000 

2.0 

0.73 

0.061 

Copper 

41 

168,000 

50 

18 

1.5 

Mercury 

0.54 

2,220 

0.2 

0.073 

0.0061 

Zinc 

78 

320,000 

70 

25 

2.1 

Tributyltin 

0.035 

144 

12 

4.3 

0.36 

*  Scenario  Al,  12 -ft  depth,  no  controls. 


loss  estimates  for  Outer  and  Inner  Oakland  sediment,  respectively.  Scenarios 
Al  and  A2  were  used  for  this  analysis.  Leachate  concentrations  were  selected 
as  the  greatest  value  among  the  first  step  anaerobic  leachate,  first  step 
aerobic  leachate,  or  the  interstitial  water  concentration.  These  tables 
illustrate  the  decrease  in  flow,  and  hence  contaminant  release,  between  the 
first  and  the  tenth  year.  Comparing  losses  to  the  contaminant  masses  in  the 
bulk  sediment  shows  that  a  small  fraction  of  the  total  mass  is  estimated  to  be 
lost  through  this  pathway.  Estimates  from  the  CDF  scenarios  can  be  developed 
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in  a  similar  manner  to  those  presented  in  Tables  V-36  and  V-37  using  the 
percolation  volumes  from  Figure  32  or  10-year  annual  averages  from  Table  V-33. 

Most  of  the  reduction  in  percolation  volume  for  scenario  E  results  from 
the  drainage  layer  associated  with  the  liner  system.  The  HELP  model  indicates 
that  the  volume  collected  by  the  total  leachate  collected  by  year  10  is  2.06 
E+6  cu  ft.  To  reduce  overall  contaminant  losses  from  the  disposal  operation, 
treatment  of  this  leachate  must  be  provided.  The  volume  can  be  reduced  by 
placement  of  a  cover  of  lower  permeability  on  top  of  the  dredged  material. 
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PART  VI:  PLANT  TEST 


Methods  and  Materials 


Sediment  Preparation 

Upon  arrival  at  the  WES,  the  OHll  and  OHO  sediments  were  each  placed 
into  one  of  two  soil  lysimeters  and  mixed.  Enough  sediment  was  randomly 
collected  from  each  soil  lysimeter  using  a  shovel  to  fill  one  208-1  (55-gal) 
steel  barrel  of  each  sediment.  The  sediments  were  placed  in  a  walk-in  cold 
room  at  4*  C  until  preparation  for  test  began. 

The  OHll  and  OHO  sediments  were  removed  from  the  cold  room  and  placed  in 
separate  aluminum  drying  flats,  Figure  II -10,  on  the  floor  of  an  environmen¬ 
tally  controlled  greenhouse.  Each  sediment  was  thoroughly  mixed  and  three 
19.0-1  (5-gal)  samples  were  immediately  collected  and  placed  in  new,  high 
density  polyethylene  buckets  with  sealed  lids.  These  were  placed  back  in  cold 
storage  for  the  wetland  test.  Samples  for  chemical  and  physical  analysis  were 
also  collected  and  placed  in  new  glass  bottles  with  teflon  lined  lids.  The 
remaining  sediment  was  allowed  to  air-dry  with  daily  turning  and  mixing  with  a 
polypropylene  shovel.  After  three  weeks  of  drying.  Figure  II -11,  the  sedi¬ 
ments  were  ground  in  a  hammer  mill  to  pass  a  2 -mm  screen.  The  ground  sediment 
was  returned  to  its  respective  drying  flat,  mixed  and  samples  were  collected 
for  chemical  analysis.  Fifty  kilograms  (air-dry  weight)  of  each  air-dry 
sediment  was  set  aside  for  washing;  the  remainder  was  placed  back  into 
barrels . 

One  part  air-dried  (AD)  sediment  (5  kg  oven-dry  weight  basis  (ODW))  and 
three  parts  of  reverse  osmosis  (RO)  purified  water  (15  kg)  (weight  to  weight 
basis)  were  placed  in  19.0- liter  buckets  (10  buckets  were  needed  for  each 
sediment) .  The  sediment/water  in  each  bucket  was  then  mixed  for  five  minutes 
every  hour  for  five  hours  using  an  electric  mixer.  The  suspension  was  allowed 
to  settle  until  all  visible  suspended  particles  had  settled  out  and  then  the 
wash  water  was  carefully  siphoned  off.  A  sample  of  the  wash  water  was  col¬ 
lected  from  each  bucket  and  a  composite  of  all  ten  buckets  was  collected  for 
pH  and  electrical  conductivity  determinations.  The  sediments  were  placed  back 
into  the  drying  flats  and  the  drying,  grinding,  and  washing  process  was 
repeated  until  the  sediment  had  been  washed  3  times,  and  dried  and  ground 
4  times. 
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No  reference  soil  or  sediment  was  provided  for  a  comparison  in  the 
upland  test.  The  WES  reference  soil  (WRSl),  a  silt  loam  collected  from  an 
undisturbed  woodland  area  at  the  WES,  was  used  as  a  control  for  the  upland 
test.  The  VRSl  was  air-dried  and  ground,  thoroughly  mixed  and  samples  were 
collected  for  chemical  analysis.  The  URSl  was  not  washed. 

Preparation  of  Greenhouse  Tests 

A  schematic  diagram  of  the  standard  WES  plant  bioassay  apparatus  is 
shown  in  Figure  VI -1.  Four  upland  replicates  of  each  air  dried,  unwashed 
sediment  (to  be  planted  with  Sporobolus  virginicus) ,  eight  replicates  of  air- 
dried,  washed  (ADW)  sediment  (four  to  be  planted  with  S.  virginicus  and  four 
to  be  planted  with  Cyperus  esculentus)  were  prepared  by  placing  4500  g  (ODW) 
of  sediment  (one  500-ml  scoopful  at  a  time)  into  each  prepared  7.6-1  Bain 
Marie  container.  Seedlings  of  4  Cyperus  and  5  Sporobolus  were  planted  in 
pre-moistened  sediment.  Eight  replicates  of  WRSl  (AD)  were  also  prepared  and 
planted  with  four  replicates  each  of  Sporobolus  and  Cyperus.  Reagent  grade 
nitrogen,  phosphorus  and  potassium  were  added  to  the  WRSl  to  provide  the 
minimum  nutritional  requirements  for  optimum  growth. 

Greenhouse  Operation  and  Growing  Techniques 

The  replicates  were  randomly  placed  on  tables  in  the  greenhouse.  Day 
length  of  16  hrs  was  maintained  by  using  light  fixtures  whose  face  was  130  cm 
from  the  top  of  the  19.0-liter  bucket.  The  130-cm  height  allows  maximum 
potential  plant  growth  to  occur  without  damage  from  the  heat  produced.  Lights 
are  arranged  in  a  pattern  of  alternating  high  pressure  sodium  lamp  and  a  high 
pressure  multi -vapor  halide  lamp.  Alternating  the  lamps  provides  an  even 
photosynthetic  active  radiation  (PAR)  distribution  pattern  of  1200  pEinsteins/ 
mVsec.  The  temperature  of  the  greenhouse  was  maintained  at  32.2  +  2*  C 
maximum  during  the  day  and  21.1  +  2'  C  minimum  at  night  to  simulate  a  summer 
environment.  Relative  humidity  was  maintained  as  close  to  100%  as  possible, 
but  never  less  than  50%.  Soil/sediment  moisture  content  was  maintained 
between  30  and  60  MPa  (field  capacity  is  30  MPa)  by  adding  RO  water  as 
necessary.  Soil  moisture  tensiometers,  placed  in  each  container,  were 
monitored  daily  and  water  added  when  tensiometers  read  greater  than  60  MPa. 

RO  water  was  added  to  the  outer  container  up  to  the  level  of  the  inner 
container  and  allowed  to  move  through  holes  in  the  bottom  of  the  inner 
container.  When  tensiometers  read  less  than  40  MPa,  the  water  was  siphoned 
from  the  outer  container. 


167 


Soil  Moisture  Tensiometer 


Cyperus  esculentus 
YELLOW  NUTSEDGE 


22.7-L  Bain  Marie 
'7.6-L  Bain  Marie 

Tubers 

■j"  Dredged  or  Fill  Material 
Washed  Quartz  Sand 
Polyurethane  Sponge 
2.54  cm  PVC  Pipe 


Figure  VI -1,  Plant  Bioassay  Apparatus 


Plant  Tissue  Collection  and  Preparation 

After  45  days  Cyperus  was  harvested  from  each  container,  {Sporobolus  was 
harvested  after  90  days) .  Stainless  steel  scissors  were  used  to  cut  the  plant 
tissue  5  cm  above  the  sedlment/soll  surface.  Figure  VI -2.  The  tissue  was 
immediately  washed  in  distilled  water  to  remove  any  salt,  sediment  or  dust 
particles  and  blotted  dry.  Total  fresh  weight  of  each  replicate  was  then 
determined.  Due  to  the  low  yield  of  Cyperus  on  the  test  sediments,  replicates 
were  combined  on  all  treatments  to  provide  enough  plant  tissue  for  all 
contaminant  analysis.  Tissue  weight  requirements  were  lowered  when  Sporobolus 
was  harvested  and  replicates  were  combined  only  when  necessary  to  provide 
sufficient  tissue  mass  for  all  contaminant  analysis.  Plant  tissue  from 
replicates  or  combined  replicates  were  split  for  heavy  metals  and  butyltin  and 
PAH  analysis.  The  portion  for  butyltin  and  PAH  was  placed  in  a  glass  bottle 
with  teflon  closure  and  frozen.  The  heavy  metals  portion  was  dried  to 
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Figisr*.  VI -2. 


Harvesting  Plants  After  Crowing  in  the 
Various  Test  Substrates 


ronstanc  weight  at  70"  C  in  a  forage  drying  oven  to  deteraine  %  plant  tissue 
moisture  and  ODW  yield.  After  drying,  the  tissue  was  ground  In  a  small  Wiley 
mill  or  with  a  mortar  and  pestle  for  very  small  samples.  The  ground  tissue 
was  pi  aced  in  polyethylene  bottles  until  analysis. 

Electrical  Conductivity  and  Salinity 

Electrical  conductivity  (EC)  was  determined  on  saturated  extracts  of 
each  AD  and  ADW  sediment  using  the  method  of  Rhoades  (1982).  The  extracts 
were  measured  on  a  VSI  model  32  conductance  meter  to  determine  EC  in  mrohos/cm. 
Salinity  was  also  measured  on  the  extracts  using  a  model  10619  hand  refracto- 
meter  (American  Optical,  Buffalo.  Pry) .  EC  and  salinity  were  also  determined 
on  original  wet  test  sediment,  URSl,  and  wash  water  samples. 

Sediment  pH 

Ten  grams  (ODW  to  nearest  0.001  g)  of  original  wet,  AD,  or  ADW  sediment 
were  weighed  into  a  tall  SO-ml  Pyrex  glass  beaker.  Twenty  ml  of  distilled 
water  were  added  anti  the  mixture  was  stirred  with  a  polyethylene  rod  until  all 
particles  were  saturated.  The  mixture  was  stirred  with  a  magnetic  stirrer  for 
I  min  every  15  min  for  65  min.  After  65  rain,  the  pH  electrode  was  placed  into 
the  solution  above  t!ie  surface  of  the  sediment  and  the  pH  was  read  on  a  pH 
meter  (Folsom,  Lee,  and  Bates  1981). 
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Organic  Matter 

Organic  matter  (OM)  was  determined  by  weight  loss  on  ignition  at  550°  C 
on  AD  and  ADU  sediment.  Procedure  No.  209E  (American  Public  Health  Associa¬ 
tion  1976)  was  used  for  this  test.  A  5-g  subsample  (ODW)  was  weighed  to  the 
nearest  0.001  g  and  dried  at  105  +  2°  C  until  constant  weight  (A8  hr).  Five 
grams  of  the  oven-dried  sediment  is  weighed  to  the  nearest  0.001  g  and 
combusted  at  550  +  5“  C  for  24  hr  in  a  muffle  furnace.  The  sample  was  allowed 
to  c^'o!  to  room  temperature  in  a  moisture  desiccator  and  weighed  to  the  near¬ 
est  0.001  g.  Weight  loss  on  ignition  was  calculated  and  reported  as  %  OM 
using  the  following  formula: 

weight  oven-dry  sediment  -  weight  combusted  sediment 

%0M  =  - -  X  100 

weight  oven-dry  sediment 

Sample  Preparation  and  Analysis  of 
Sediment  Heavy  Metals.  PAH  and  Butvltin 

Air  dry  and  washed  sediment  samples,  for  determination  of  heavy  metals, 
butyltin  and  PAH  concentrations,  were  stored  at  4"  C  in  glass  amber  bottles 
with  teflon  closures.  Sediment  samples  were  shipped  by  Federal  Express  24-hr 
delivery  in  heavy-duty  ice  chests  with  freeze  packs  to  Battelle  Northwest 
Laboratories  in  Sequim,  WA.  The  samples  were  analyzed  by  Battelle  for 
butyltin  and  PAH.  Butyltins  were  analyzed  by  Gas  Chromatography/Flame 
Photoionization  Detection  (GC/FPD)  following  extraction  by  methylene  chloride. 
Sediment  PAHs  were  determined  by  Gas  Chromatography /Mass  Spectrometry  (GS/MS) , 
EPA  Method  8270  (USEPA  1986)  following  EPA  Method  3540  (USEPA  1986).  Six 
heavy  metals  (As,  Cr,  Cu,  Ni ,  Pb  and  Ni)  were  analyzed  by  were  measured  by 
energy- diffusive  X-Ray  fluorescence  (XRF)  following  the  method  of  Nielson  and 
Sanders  (1983).  As,  Cd,  and  Se  were  analyzed  by  Zeeman  graphite  furnace 
atomic  absorption  spectroscopy  (GFAA)  Method  7000  Series  (USEPA  1986)  (Bloom 
and  Crecelius  1984) .  Mercury  was  analyzed  by  cold  vapor  atomic  absorption 
spectrometry  (CVAAS)  Method  7471  (EPA  1986)  (Bloom  and  Crecelius  1984) . 

Plant  Tissue  Digestion  and  Heavy  Metals  Analysis 

Ground  plant  tissue  heavy  metal  concentrations  were  determined  on  digest 
of  Sporobolus  grown  in  test  sediments  and  WRSl.  Digests  of  NBS  1572  (citrus 
leaves)  were  also  analyzed.  An  MDS-81D  microwave  digestion  system  (CEM 
Corporation,  Matthews,  NC)  was  used  to  accomplish  the  digests.  Ten  ml  of 
nitric  acid  was  added  to  0.5  g  of  plant  tissue  and  allowed  to  pre-digest  for 
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30  minutes.  Ten  sealed  sample  vessels,  a  blank  and  NBS  standard  vessels  were 
place  in  a  digestion  turntable  and  venting  tubes  were  connected.  The  turnta¬ 
ble  was  set  into  360°  rotation  and  heated  at  480  W  for  1  min  30  sec  and  300  U 
for  10  min.  After  cooling  to  room  temperature  each  vessel  was  hand  vented  to 
release  pressure  and  uncapped.  Five  ml  of  30%  hydrogen  peroxide  was  added  to 
each  vessel  and  allowed  to  effervesce.  When  the  effervescence  stopped,  the 
solution  was  quantitatively  filtered  through  a  Whatman  #  41  filter  and  diluted 
with  distilled  water  to  100  ml.  This  was  analyzed  by  inductively-coupled 
plasma  emission  spectrometry  (ICP)  or  direct-current  plasma  emission  spectrom¬ 
etry  (DCP).  Mercury  was  determined  in  ground  plant  tissue  by  Cold  Vapor 
Atomic  Absorption  Spectrometry  (CVAAS). 

Sediment  and  Plant  Tissue  Heavy  Metal  Concentration 

Sediment  and  plant  tissue  metal  concentrations  were  calculated  by  the 
following  formula: 


digest  solution  metal  concentration  x  dilution  volume 

metal  concentration  - . . . 

grams  of  ODW  sediment  or  tissue  actually  digested 

/ig/ml  X  100  ml 

g  sediment  or  tissue  digested 
/ig  metal 

g  of  sediment  or  tissue 

Blanks  and  NBS  standards  were  also  included  in  the  analysis.  Blank 
concentrations  were  subtracted  from  the  solution  concentrations  prior  to  using 
the  above  formula.  Final  concentration  values  were  not  corrected  tor  percent 
recovery  of  NBS  standards. 

Butvltin  and  PAH  Plant  Tissue  Preparation  and  Analysis 

Plant  tissue  samples  for  PAH  and  butyltin  analysis  were  placed  in  amber 
glass  jars  with  teflon  closures  and  frozen.  Frozen  plant  tissue  samples  were 
shipped  by  Federal  Express  24-hr  delivery  in  heavy-duty  ice  chests  with  freeze 
packs  to  Battelle  Northwest  Laboratories  in  Sequim,  WA.  The  samples  was 
analyzed  by  Battelle  for  butyltin  and  PAH. 
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iscussion 


c t  of  Air  Drying  and  Washing  on  pH  an 


Oakland  sediments  were  air -dried  and  washed  to  simulate  a  weathered, 
oxidized  upland  disposal  environment  with  EC  values  low  enough  to  support  both 
holophytic  and  glycophytic  plants.  As  can  be  seen  in  Table  VI-1,  washing  the 
Oakland  sediments  reduced  the  pH  only  slightly,  similar  to  the  change  in  the 
WRSl.  The  simulated  weathering  process  lowered  the  EC  of  Oakland  sediments 
enough  to  a  level  capable  of  supporting  glycophytic  plants.  The  WES  index 
plant,  Cyperus  esculenCus,  was  shown  to  survive  in  washed  Upper  Oakland 
sediment  at  an  EC  of  11.2  mmhos/cm  (Lee  et  al .  1992).  EC  values  after  washing 
were  3.2  and  9.3  mmhos/cm  for  the  OHIl  and  OHO,  respectively. 

Table  VI -1 

Effect  of  Air  Drying  and  Washing  on  Sediment  pH.  EC  %  Moisture  and  OM 


The  simulated  weathering  process  had  little  effect  on  the  total  metal 
concentrations  in  the  Oakland  sediments  from  the  wet  to  air  dry  to  washed 
(Table  VI-2).  Since  the  pH  of  the  Oakland  sediments  did  not  decrease  signifi¬ 
cantly  (pH  of  washed  sediment  near  7.0),  metals  would  not  be  expected  to 
become  more  soluble  and  leach  during  the  washing  process.  As  long  as  the  pH 
in  the  upland  environment  remains  near  neutral,  solubility  of  heavy  metals  is 
expected  to  be  very  limited. 

Effect  of  Air  Drvine  and  Washing  on  Sediment  PAH  Concentrations 


Mean  PAH  concentrations  are  presented  in  Table  VI -3  for  wet,  air  dry  and 
air  dry  and  washed  sediments.  The  simulated  weathering  process  generally  had 
little  effect  on  PAH  concentrations  in  both  the  OHIl  and  OHO  sediments. 
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Table  VI -2 

Effect  of  Air  Drying  and  Washing  on  Sediment  Heavy  Metal  Concentrations 


OHIl 


Parameter 

WT 

ADW 

As, 

®g/kg 

5.62 

(1.21) 

5.455 

(0.38) 

3.973 

(0.17) 

Cd, 

mg/kg 

0.148 

(0.21) 

0.170 

(0.05) 

0.102 

(0.01) 

Cr, 

®gAg 

381.3 

(55.0) 

356.8 

(37.34) 

420.0 

(34.07) 

Cu. 

mg/kg 

24.53 

(1.65) 

23.33 

(0.64) 

23.83 

(1.20) 

Pb. 

mg/kg 

14.15 

(1.38) 

12.90 

(0.71) 

14.20 

(0.81) 

Ni. 

mg/kg 

65.20 

(2.60) 

64.48 

(1.11) 

64.68 

(2.07) 

Se, 

mg/kg 

0.173 

(0.21) 

0.160 

(0.01) 

0.150 

(0.00) 

Ag. 

mg/kg 

0.110 

(0.01) 

0.085 

(0.01) 

0.096 

(0.00) 

Zn. 

mg/kg 

61.10 

(2.69) 

59.9 

(0.59) 

62.50 

(0.91) 

Hg. 

mgAg 

0.110 

(0.26) 

0.080 

(0.00) 

0.069 

(0.00) 

OHO 

WRSI 

WT 

AD 

ADW 

WT 

AD 

6.900 

(0.76) 

7.738 

(0.53) 

7.698 

(0.32) 

NA 

3.589 

(0.06) 

0.233 

(0.01) 

0.260 

(0.01) 

0.208 

(0.01) 

NA 

0.242 

(0.02) 

364.0 

(21.4) 

393.7 

(19.52) 

433.6 

(20.36) 

NA 

4.642 

(0.16) 

31.07 

(1.27) 

32.83 

(0.68) 

32.38 

(1.10) 

NA 

4.643 

(0.33) 

18.67 

(1.07) 

20.55 

(0.81) 

18.84 

(0.35) 

NA 

10.66 

(1.07) 

84.03 

(3.46) 

86.08 

(1.52) 

84.90 

(1.02) 

NA 

6.296 

(0.60) 

0.267 

(0.04) 

0.262 

(0.012) 

0.150 

(0.00) 

NA 

0.215 

(0.01) 

0.203 

(0.02) 

0.225 

(0.02) 

0.173 

(0.00) 

NA 

0.262 

(0.16) 

84.80 

(2.61) 

90.18 

(0.88) 

88.54 

(1.96) 

NA 

16.44 

(1.67) 

0.166 

(0.01) 

0.206 

(0.03) 

0.154 

(0.01) 

NA 

0.103 

(0.00) 

Concentrations  of  PAH  in  OHIl  and  OHO  were  lower  than  PAH  concentrations  found 
in  Twitchell  Island  soil  (Lee  et  al.  1992).  WRSl  soil  contained  only  six  PAHs 
above  detection  limits  and  three  were  at  the  same  levels  as  the  Oakland 
sediments . 

Effect  of  Air  Drying  and  Washing  on  Sediment  Butvltin  Concentrations 

Mean  sediment  butyltin  concentrations  as  a  result  of  the  simulated 
weathering  process  are  presented  in  Table  VI -4.  The  concentrations  in  the 
OHIl  and  OHO  are  much  lower  than  in  the  Oakland  Upper  and  Lower  sediments  from 
the  previous  Turning  Basin  study  (Lee  et  al.  1992).  That  study  indicated  that 
butyltin  was  reduced  mostly  during  the  drying  process  probably  by  photolysis 
and  microbial  biodegradation.  The  OHIl  exhibited  slight  reduction  in 
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Table  VI -3 


Effect  of  Sediment  Air  Drvinp  and  Washing  on  Sediment  PAH 
Concentrations 


OHIl 

OHO 

WRSl 

PAH 

WT 

AD 

ADW 

WT 

AD 

ADW 

AD 

Naphthalene 

8.0 

3.80 

13.40 

8.0 

4.25 

11.8 

11.85 

(0.20) 

(1.03) 

(0.48) 

(0.25) 

(2.76) 

Acenaphthylene 

3.3 

2.00 

8.20 

3.3 

3.00 

9.25 

<3.85 

(0.00) 

(0.74) 

(0.41) 

(0.48) 

(0.05) 

Acenaphthene 

5.0 

2.00 

4.80 

4.0 

3.00 

4.00 

<3.85 

(0.00) 

(0.37) 

(0.41) 

(0.00) 

(0.05) 

Fluorene 

3.0 

2.00 

4.00 

4.0 

4.25 

4.00 

4.75 

(0.00) 

(0.32) 

(0.48) 

(0.00) 

(0.49) 

Phenanthrene 

24.3 

15.60 

23.20 

23.7 

22.0 

29.3 

27.52 

(0.68) 

(1.39) 

(1.08) 

(1.50) 

(14.8) 

Anthracene 

7.0 

4.40 

6.60 

8.3 

8.75 

11.8 

<3.85 

(0.25) 

(0.25) 

(0.48) 

(0.75) 

(0.05) 

Fluoranthene 

71.0 

49.20 

71.80 

50.0 

54.5 

73.5 

22.90 

(4.73) 

(3.84) 

(2.60) 

(3.71) 

(12.81) 

Pyrene 

123.3 

103.8 

113.6 

84.0 

108.0 

118.0 

16.15 

(5.17) 

(7.12) 

(8.00) 

(5.21) 

(8.40) 

Benzo(a) - 

41.7 

28.40 

31.40 

40.0 

44.5 

42.0 

5.30 

anthracene 

(1.17) 

(2.16) 

(2.60) 

(1.68) 

(1.27) 

Chrysene 

45.0 

32.20 

46.00 

50.3 

47.3 

51.0 

<4.62 

(2.22) 

(4.70) 

(4.07) 

(1.47) 

(0.76) 

Benzofluor- 

152.7 

100.0 

118.8 

132.0 

107.3 

107.8 

<7.78 

anthenes 

(5.01) 

(7.84) 

(3.34) 

(3.15) 

(0.07) 

Benzo(a) - 

110.0 

71.0 

68. 

92.0 

69.8 

65.8 

<3.85 

pyrene 

(1.79) 

(3.36) 

(2.18) 

(1.89) 

(0.05) 

Indeno(l , 2,3- 

86.0 

51.80 

64.80 

91.7 

48.0 

61.5 

<3.85 

c,d) pyrene 

(5.00) 

(3.93) 

(4.14) 

(2.96) 

(0.05) 

Diben2o(a,h) - 

17.0 

11.40 

12.00 

14.7 

16.0 

14.0 

<3.85 

anthracene 

(0.93) 

(0.84) 

(0.91) 

(0.91) 

(0.05) 

Ben2o(g,h,i) 

109.7 

80.80 

86.20 

119.7 

80.3 

77.5 

<3.85 

perylene 

(8.07) 

(5.01) 

(4.37) 

(3.52) 

(0.05) 

tributyltin  and  dibutyltin  while  the  OHO  had  little  reduction  of  tributyltin 
and  increased  in  dibutyltin  by  an  order  of  magnitude  as  a  result  of  drying. 
Washing  had  little  effect  on  tributyltin  and  dibutyltin  concentrations  in  OHll 
sediment  while  dibutyltin  decreased  in  OHO.  Degradation  of  tributyltin  to 
dibutyltin  might  explain  the  higher  dibutyltin  concentrations  in  the  OHO  air 
dry  sediment.  However,  in  this  case,  reduction  of  tributyltin  was  not  evident 
at  the  magnitude  of  the  dibutyltin  increase. 
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Table  VI -4 

Effect  of  Air  Drvlne  and  Washing  on  Sediment  Butvltln  Concentrations 


OHIl 

OHO 

WRSl 

Butvltln 

WT 

AD 

ADW 

WT 

AD 

ADW  AD 

Tetra-butyltin 

<0.5 

<1.18 

<0.78 

<0.6 

<1.2 

<1.35  <0.36 

(0.06) 

(0.03) 

(0.04) 

(0.58) 

(0.02) 

Tri -butyltin 

5.07 

2.38 

2.25 

2.87 

2.3 

1.43  <0.46 

(0.76) 

(0.28) 

(0.24) 

(0.21) 

(0.11) 

(0.14)  (0.09) 

Di-butyltln 

4.53 

2.12 

1.33 

2.50 

25.9 

0.98  <0.36 

(0.55) 

(0.07) 

(0.16) 

(0.90) 

(7.12) 

(0.13)  (0.02) 

Mono-butyltin 

0.47 

<1.06 

<1.05 

1.00 

<1.35 

<2.30  <0.72 

(0.12) 

(0.05) 

(0.09) 

(0.63) 

(0.09) 

(1.37)  (0.33) 

total 

10.57 

6.74 

5.41 

6.97 

30.75 

6.06  1.9 

Plant  Yield  of  Soorcbolus  vLrelnicus 

Yields  o 

f  Sporobol 

us  virglnicus  are 

present 

*n  Table 

VI- 5.  Oakland 

sediments  were 

found  to 

totally  restrict 

growth  of  Sporobolus  when  air  dried 

(Figure  VI-3). 

Once  the 

salts  were  reduced  in  the 

air  dried 

.  sediments  by 

washing,  all  four  replicates  of  Sporobolus  in  both 

the  OHIl 

and  OHO  survived. 

The  WRSl  is  shown  as  the 

control 

for  the  upland  test  since  no  reference  site 

S'-dlment  was  available  for  testing.  Oven-dry  yields  in  the 

WRSl  were  signlfi- 

cantly  greater 

than  the 

Oakland 

sediments 

.  Oven-dry  yields 

In  the  washed 

Oakland  sediments  were  greater  in  the  OHO 

than  in 

the  OHIl. 

Table  VI -5 

Ssliipgas 

Status 

Fresh  Weli>ht  (a) 

Oven- Dry  Weight 

OHll 

AD 

0  (0)®* 

0  (0)0 

OHIl 

ADW 

5.71 

(1.16)‘ 

4.56  (0,95)* 

OHO 

AD 

0 

(0)0 

0  (0)0 

OHO 

ADW 

10.73 

(0.85)* 

8,88  (0,70)* 

WRSl 

AD 

34.65 

(5,24)* 

20,13  (0,67)* 

*  Kean  (itanHard  deviation)  number  of  repllcatea. 
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UNWASHED 
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Figure  VI -3.  Appearance  of  Sporobolus  virgitiiciis  Growing  in 
the  Various  Test  Substrates 


Plant  Yield  of  Cvperus  esciilentus 

The  WES  index  plant,  Cyperus  esculentus ,  was  planted  in  the  washed 
Oakland  sediments  only  as  It  Is  a  glycophyte  or  freshwater  plant.  Cyperus  was 
also  planted  in  the  WRSl.  Oven-dry  yield  of  Cyperus  was  statistically  higher 
in  the  WRSl  than  the  Oakland  sediments  but,  not  different  between  the  Oakland 
sediments  (Table  VI -6).  Cyperus  is  shown  at  A5  days  in  the  Oakland  sediments 
(Figures  VI-/*  and  VI-5). 


Table  VI -6 

Yield  of  Cvnenis  e.sru/enrii.y 


Sediment 

Frgsh-Vptfcbi.  (£) 

Oven- Dry  Weir.ht  (gl 

oini 

ADW 

9.08  (0.8/*)* 

3.A5  (0.32)* 

0110 

ADV’ 

U./»7  (2,23)* 

3,^2  (0.61)* 

WRSl 

AD 

80,80  (7.08)* 

15.99  (1.60)* 

*  Miuin  (standard  deviation)  number  of  replicates. 


Figure  VI -6.  Appearance  of  Cvporiis  osciilcntiis  Growing  in 
Oakland  Inner  Sediment 
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Figure  VI -5.  Appearance  of  Cyperiis  esculenciis  Growing  in 
Oakland  Outer  Sediment 


Het/il  lintake  hv  Soorobolus  virelnictis 


Plant  tissue  content  in  washed  Oakland  sediments  were  generally  higher 
In  tlie  OHO,  Table  VI- 7.  Plant  tissue  content  of  cadmlvim  concentrations  are 


approaching  the  0.1^  mg/kg  fresh  weight  action  level  for  leafy  vegetables  (van 
Driel  et  al .  1985,  WHO  1972)  in  the  OHO  grown  Sporobolus.  Lead  is  below  the 
1.2  mg/kg  fresh  weight  action  level  for  leafy  vegetables.  Sporobolus  grown  in 
Twitchell  Island  soil  (Lee  et  al.  1992)  contained  levels  of  cadmiuii),  chromium, 
mercury  and  nickel  that  exceeded  the  levels  found  in  OHIl  and  OHO  grown 
Sporobolus .  Plant  content  of  the  other  metals  are  at  concentrations  that 
should  not  be  of  concern.  Consequently,  if  the  Oakland  Outer  Harbor  and 
Oakland  Inner  Harbor  sediments  were  placed  at  Twitchell  Island,  plant  contami¬ 
nation  would  not  appear  to  be  of  concern  for  salt  tolerant  plants  similar  to 
Sporobolus .  No  data  were  available  for  unwashed  AD  sediment  since  no  growth 
occurred.  Total  uptake  (concentration  x  oven-dry  yield)  is  presented  in 
Table  VI-8. 

Metal  Uptake  by  Cvperus  esculencus 

Heavy  metal  content  of  Cyperus  esculentus  grown  in  OHO  generally 
appeared  to  be  higher  than  in  OHIl  (Table  Vl-9).  Cadmium  content  in  Cyperus 
grown  in  OHIl  is  at  the  action  level  of  0.1  pg/g  Cd  (fresh  weight  basis)  for 
leafy  vegetables  (van  Driel  et  al.  1985,  WHO  1972).  Dutch  action  levels  in 
mixed  animal  feeds  are  1.0  mg/kg  dry  weight  (European  Community  1974). 

Cadmium  content  exceeds  this  action  level  in  OHO  as  well  as  in  the  WRSl . 
Cyperus  previously  grown  in  Twitchell  Island  soil  also  exceeded  this  action 
level  with  3.59  pg/g  of  cadmium  (Lee  et  al .  1992).  However,  the  cadmium 
concentrations  in  Oakland  sediments  and  WRSl  falls  in  the  median  range  of 
0.2  mg/kg  background  levels  found  in  surface  soils  (Holnigren  et  al .  1987). 
Plants  demonstrated  no  adverse  effect  from  tissue  cadmium  concentrations 
ranging  from  0. 1-1.0  mg/kg  (dry  weight  basis)  and  tissue  concentrations  of  3 
to  10  mg/kg  (dry  weight  basis)  were  reported  to  be  phytotoxic  (Chaney  1983). 
The  limitation  on  soil  cadmium  concentrations  to  minimize  plant  uptake  is 
2.5  mg/kg  (USEPA  1979).  Although  the  test  sediments  are  an  order  of  magnitude 
below  this  level,  uptake  in  Cyperus  did  reach  levels  that  would  be  of  concern 
to  some  world  communities. 

The  cadmium  data  for  Cyperus  can  be  used  to  predict  potential  uptake  of 
cadmium  by  other  plants  using  the  relationship  developed  by  van  Driel  et  al . 
1985  shown  in  Figure  IV-6.  Accordingly,  a  concentration  of  2.187  mg/kg  (dry 
weight)  cadmium  in  Cyperus  grown  on  OHO  would  translate  to  a  potential  of 


^  0.1  mg/kg  fresh  weight  approximately  corresponds  to  1.0  mg/kg  on  an 

oven-dry  weight  basis. 
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Table  VI -7 

Heavy  Metal  Concentration  In  Soorobolus  virginicus  (usl/sl  drv  wt) 


Parameter 

OHIl 

OHO 

WRSl 

ADW 

ADW 

AB„ 

Arsenic 

PD^ 

<0.991 

PD 

<0.995 

<0.992 

Cadmium 

PD 

0.251 

PD 

0.677 

0.144 

Chromium 

PD 

<0.991 

PD 

<0.995 

<0.992 

Copper 

PD 

6.999 

PD 

9.552 

2.332 

Lead 

PD 

0.197 

PD 

3.383 

<1.821 

Nickel 

PD 

0.991 

PD 

1.692 

<1 . 240 

Seleniiim 

PD 

<0.991 

PD 

<0.995 

<0.246 

Silver 

PD 

0.000 

PD 

<0.996 

0.000 

Zinc 

PD 

17.23 

PD 

41.78 

2.292 

Mercury 

PD 

<0.030 

PD 

<0.030 

<0.028 

^  Plant  death. 


Table  VI -8 


Total  Heavy  Metal  Uptake  in  Soorobolus  vireinicus  (ag/pot  drv  weight) 


OHIl 


Parameter 

AD 

Arsenic 

PD^ 

<4.52 

Cadmium 

PD 

1.14 

Chromium 

PD 

<4.52 

Copper 

PD 

31.9 

Lead 

PD 

0.90 

Nickel 

PD 

4.52 

Selenium 

PD 

<4.52 

Silver 

PD 

0.000 

Zinc 

PD 

78.57 

Mercury 

PD 

<0.14 

OHO _  WRSl 


AD 

PD 

<8.84 

<19.96 

PD 

6.01 

2.90 

PD 

<8.84 

<19.97 

PD 

84.8 

46.94 

PD 

30.04 

<36.66 

PD 

15.02 

<24.96 

P’J 

<8.84 

<4.95 

PD 

<8.84 

0.000 

PD 

371.0 

46.14 

PD 

<0.27 

<0.56 

^  Plant  death. 
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Table  VI -9 


Heavy  Metal  Concentration  In  Cvoerus  esculentus^  drv  weight) 


■  QlLIl.. 

OHO 

WRSl 

Parameter 

ADW 

ADW 

Arsenic 

<1 . 000 

<0.994 

<0.993 

Cadmium 

1.000 

2.187 

1.715 

Chromium 

<1 . 000 

<0 . 994 

<0.993 

Copper 

8.000 

10.34 

8.477 

Lead 

0.200 

3.976 

0.133 

Nickel 

2.400 

1.193 

1.788 

Selenium 

<1 . 000 

14.71 

0.000 

Silver 

0.000 

3.419 

0.000 

Zinc 

62.20 

100.4 

73.83 

Mercury 

<0.030 

<0.030 

0.030 

^  Concentrations  determined  from  one  digest  solution  of  composited 
replicates . 

Wet  weight  basis  is  approximately  1/10  dry  weight  value. 


Figure  VI -6.  Relationship  Between  Cd  in  Cyperus  Leaves  (Upland) 
and  In  Lettuce,  Radish,  Spring  Wheat,  and  Red  Fescue  Grass 

approximately  2.5  and  3.5  mg/kg  (dry  weight)  in  radish  leaves  and  lettuce, 
respectively,  should  these  crops  be  grown  on  OHO  placed  in  an  upland  environ¬ 
ment.  These  tissue  cadmium  contents  would  be  a  human  health  concern  to  the 
Dutch. 

Tissue  lead  is  below  the  1.2  mg/kg  fresh  weight  action  level  for  leafy 
vegetables  in  plants  grown  in  both  Oakland  sediments,  although  plant  tissue 
lead  appears  to  be  higher  for  OHO  compared  to  OHIl.  Total  uptake  of  lead  in 
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OHO  plants  was  higher  than  WRSl  plants  indicating  more  mobility  of  lead  from 
OHO  sediment  into  plants  (Table  VI-10).  Cyperus  selenium  and  silver 

Table  VI -10 

Total  Heavy  Metal  Uptake  in  Cvperus  esculentus  (ag/pot  dry  weisht) 


OHIl 

OHO 

WRSl 

Parameter 

APW 

ADW 

AD 

Arsenic 

<3.45 

<3.40 

<15.88 

Cadmium 

3.45 

7.487 

27.42 

Chromium 

<3.45 

<3.40 

<15.88 

Copper 

27.6 

35.36 

135.55 

Lead 

0.69 

13.60 

2.13 

Nickel 

8.28 

4.08 

28.59 

Selenium 

<3.45 

50.30 

0.000 

Silver 

0.000 

11.69 

0.000 

Zinc 

214.59 

343.4 

1180.5 

Mercury 

<0.10 

<0.10 

0.48 

concentrations  appear  to  be  elevated  in  the  OHO.  Since  plant  growth  was  poor 
in  each  sediment  from  Oakland  Harbor,  all  replicates  were  composited  to  give  a 
sufficient  amount  of  tissue  to  chemically  analyze.  Total  uptake  of  cadmium, 
copper,  nickel,  and  zinc  were  higher  in  WRSl  than  from  the  Oakland  Sediments 
(Table  VI-19)  suggesting  more  overall  mobility  of  these  metals  in  the  WRSl 
reference  soil.  However,  tissue  contents  of  cadmium,  lead,  and  selenium 
appear  to  be  elevated  in  plants  grown  in  OHO  and  therefore  should  be  of 
concern.  Because  of  the  need  to  composite  replicate  plant  tissue  in  the 
present  tests,  additional  plant  bioassays  should  be  conducted  with  more 
replication  to  provide  sufficient  plant  tissue  to  conduct  replicated  analyses 
to  verify  these  elevated  tissue  concentrations.  However,  in  light  of  the 
results  of  the  present  evaluation,  restrictions  and  controls  for  plants 
colonizing  OHO  in  an  upland  disposal  environment  should  be  considered.  PAH 
Uptake  by  Sporobolus  virginicus.  Mean  PAH  concentrations  in  Sporobolus 
virginicus  are  presented  in  Table  VI -11  on  a  wet  weight  basis.  No  PAH  data 
were  available  for  AD  unwashed  OHIl  and  OHO  as  no  growth  occurred.  PAH 
concentrations  in  Sporobolus  grown  ia  ADW  sediment  were  generally  below 


181 


detectable  limits  or  just  detectable  for  naphthalene,  phenanthrene ,  and 
fluoranthene.  Concentrations  appeared  to  be  slightly  higher  in  Sporobolus 
grown  in  OHO  sediment  than  the  OHIl  sediment,  but  were  in  the  same  range  as 
Sporobolus  grown  in  the  WRSl. 

Total  plant  uptake  (pg/kg  wet  weight  x  total  fresh  weight  of  plant 
tissue  per  pot)  is  shown  in  Table  VI -12.  Only  PAHs  determined  above  detection 
limits  are  listed.  Since  concentrations  in  Sporobolus  grown  in  Oakland 
sediments  are  in  the  range  of  Sporobolus  grown  in  WRSl ,  total  uptake  is  much 
higher  In  WRSl  grown  Sporobolus  due  to  the  substantially  higher  yield.  These 
data  suggest  plant  uptake  of  PAH  from  Oakland  Harbor  Sediments  are  lower  than 
that  observed  in  the  test  reference  and  should  not  be  of  concern. 

PAH  Uptake  bv  Cvoerus  esculentus 

Cyperus  esculentus  PAH  concentrations  are  shown  in  Table  VI -13.  As  with 
Sporobolus,  Cyperus  concentrations  of  PAHs  were  mostly  below  detection  limits. 
Phenanthrene  was  found  above  detectable  limits  in  OHIl,  OHO  and  WRSl  grown 
Cyperus  in  the  range  of  5  pg/kg  wet  weight. 

Fluoranthene  was  foxmd  above  detection  limits  only  in  OHO-grown  Cyperus 

Total  PAH  uptake  by  Cyperus  esculentus  is  presented  in  Table  VI -14  for 
PAHs  with  above  detection  limit  values  (phenanthrene  and  fluoranthene). 

The  lower  yield  of  Cyperus  in  the  Oakland  sediments  results  in  less  total 
uptake  of  phenanthrene  compared  to  the  WRSl . 

If  Oakland  sediments  are  placed  in  an  upland  environment  and  plant 
colonization  occurs ,  PAH  uptake  by  plants  will  be  minimal  and  should  not  be  of 
concern, 

Butvltin  Uptake  bv  Sporobolus  virpinicus 

Mean  butyltin  concentrations  in  Sporobolus  virginicus  are  presented  in 
Table  VI -15.  Due  to  the  low  mass  of  plant  tissue  available,  detection  limits 
were  higher  for  butyltins  and  reported  on  a  wet  weight  basis.  None  of  the 
Sporobolus  grown  in  Oakland  sediments  or  WRSl  had  concentrations  of  butyltins 
above  method  detection  limits  (MDL) .  Tributyltin  was  detected  below  MDL  in 
OHIl  and  WRSl  at  8.5  and  11.2  pg/kg  wet  weight  respectively.  On  a  dry  weight 
basis  these  concentrations  would  be  11.1  and  16.04  pg/kg  (dry  weights  of 
samples  are  provided  in  Appendix  E) .  These  values  are  hi  ';her  than  tributyltin 
<4.6  pg/kg  dry  weight  concentrations  in  Sporobolus  grown  in  Twitchell  Island 
soil  (Lee  et  al.  1992).  Tributyltin  concentrations  were  slightly  lower  in 
Oakland  Upper  and  Lower  AD  sediments,  1.67  and  3.1  pg/kg  dry  weight,  and  1.747 
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Table  VI -11 


PAH  Concentration  In  Soorobolus  virfinicus  (u^/ke.  wet  weight) 


OHIl  OHO  WRSl 


Parameter 

ADW 

ADW 

AD 

Naphthalene*’ 

PD* 

<6.34 

PD 

8.75 

(1.82)2 

12.59 

(10.19) 

Acenaphthylene 

PD 

<4.33 

PD 

<7.20 

(0.39) 

2.30 

(0.52) 

Acenaphthene 

PD 

<2.43 

PD 

<3.48 

(0.05) 

<1.50 

(0.14) 

Fluorene 

PD 

<2.18 

PD 

<2.31 

(0.34) 

<1.27 

(0.22) 

Phenanthrene 

PD 

10.59 

PD 

12.27 

(1.99) 

6.07 

(0.29) 

Anthracene 

PD 

<1.09 

PD 

<1.71 

(0.27 

<1.01 

(0.25) 

Fluoranthene 

PD 

2.92 

PD 

3.69 

(0.36) 

2.74 

(0.19) 

Pyrene 

PD 

<2.59 

PD 

<2.89 

(0.15) 

2.18 

(0.21) 

Benzo[ a] anthra¬ 
cene 

PD 

<0.77 

PD 

<2.93 

(2.10) 

<0.27 

(0.01) 

Chrysene 

PD 

<1.28 

PD 

<1.60 

(0.00) 

<0.94 

(0.03) 

Ben2o[b] fluoran¬ 
thene 

PD 

<4.69 

PD 

<5.43 

(0.30) 

<1.79 

(0.41) 

Benzo [ k ] f luoran - 
thene 

PD 

<0.93 

PD 

<4.55 

(0.25) 

<0.10 

(0.04) 

Benz o [ a ] pyrene 

PD 

<0.09 

PD 

<4.73 

(0.27) 

<0.19 

(0.04) 

Indeno[ 1 , 2 , 3-c , d] 
pyrene 

PD 

<0.91 

PD 

<5.68 

(0.31) 

<0.62 

(0.05) 

Dibenzo[a,h] 

anthracene 

?D 

<3.34 

PD 

<3.87 

(0.21) 

<1.78 

(0.03) 

Benzo[g,h,i] 

perylene 

PD 

<6.66 

PD 

<7.70 

(0.43) 

<4.05 

(0.45) 

Blank  corrected. 

^  Plant  death. 

^  Standard  deviation  of  mean. 


and  <3.0  fig/kg  in  the  ADW  sediment  and  were  not  considered  a  problem  in  the 
upland  environment.  However,  these  values  were  detected  above  MDL  and  have 
better  validity  than  the  OHIl  and  WRSl  that  were  detected  below  MDL.  Also, 
since  the  WRSl  Sporobolus  had  higher  concentrations  of  tributyltin  than  the 
OHIl,  these  concentrations  are  not  considered  to  be  an  environmental  concern 
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Table  VI -12 


Total  PAH  Uptake  in  Soorobolus  virginicus 


OHIl 

OHO 

URSl 

Parameter 

AD 

ADU 

AD 

ADW 

AD 

Naphthalene** 

PD* 

<36.20 

PD 

93.89 

436.24 

Phenanthrene 

PD 

60.47 

PD 

131.66 

210.33 

Fluoranthene 

PD 

16.67 

PD 

39.59 

94.94 

*  Only  PAHs  above  detectable  limits  are  listed. 
^  Plant  death . 


Table  VI -13 

PAH  Concentration  (up/kp.  wet  weight*)  in  Cvperus  esculentus 


Parameter 

OHIl 

ADW 

OHO 

ADW 

WRSl 

AD 

Naphthalene** 

<3.98 

<2.78 

<2.72 

Acenaphthylene 

<3.90 

<1.83 

<1.75 

Acenaphthene 

<1.35 

<1.02 

<1.44 

Fluorene 

<1.06 

<1.06 

<0.78 

Phenanthrene 

5.26 

5.24 

4.25 

Anthracene 

<1.19 

<0.73 

<0.67 

Fluoranthene 

<1.11 

1.19 

<0.76 

Pyrene 

<1.43 

<1.42 

<0.84 

Benzo [ a ] anthracene 

<0.62 

<0.36 

<0.17 

Chrysene 

<0.80 

<0.42 

<0.24 

Benzo [b ] fluoranthene 

<2.94 

<0.57 

<2.02 

Benzo [ k ] fluoranthene 

<0.47 

<0.73 

<0.69 

Benzo [ a ] pyrene 

<0.57 

<0.80 

<0.76 

Indeno [ 1 , 2 , 3 - c , d ] pyrene 

<0.08 

<0.15 

<0.11 

Dibenzo ( a , h ] anthracene 

<2.09 

<1.46 

<1.43 

Benzo [ g , h , i ] perylene 

<1.18 

<2.92 

<1.61 

**  Blank  corrected. 

Table  VI -14 

Total  PAH  Uptake  (g/pot.  wet  weight!  in  Cvuerus  esculentus* 


OHIl 

OHO 

WRSl 

Parameter 

ADW 

ADW 

AD 

Phenanthrene 

47.76 

65.34 

343.40 

Fluoranthene 

<10.08 

14.84 

<61.41 

*  Only  PAHs  above  detectable  limits  are  listed. 
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Table  VT-15 

Butvltln  Concentration  (ue/kg.  wet  weight)  in  Sporobolus 


OHIl 

OHO 

WRSl 

METHOD 

Parameter 

AD 

ADU 

AD 

ADW 

AD 

BLANK 

Tributyltin 

NS 

<8.5J^ 

NS 

<38.3 

<31.5:.5J 

<38.3 

(0.00)2* 

(6.775)* 

Dibutyltin 

NS 

<18.1 

NS 

<18.1 

18.1 

<18.1 

(0.00)2 

(0.00)* 

Monobutyl tin 

NS 

<16.4 

NS 

<16.4 

<32.10J 

38.4 

(0.00)2 

(2.75)* 

^  Values  with  a  J  indicate  that  analyte  was  detected  below  method  detection 
limit. 

*  Superscript  numerals  indicate  mean  (standard  deviation)  no.  of  replicates. 


Butvltin  Uptake  bv  Cvoerus  esculentus 

Cyperus  uptake  of  butyltins  is  presented  in  Table  VI -16.  Due  to  the  low 
mass  of  plant  tissue  available,  detection  limits  were  higher  for  butyltins  and 
reported  on  a  wet  weight  basis.  For  the  most  part,  all  butyltins  were  below 
detection  limits  except  for  one  sample.  Cyperus  grown  on  OHIl  sediment  con¬ 
tained  100.9  Mg/kg  wet  weight  tributyltin  or  487.4  pg/kg  dry  weight.  This 
value  seems  somewhat  out  of  line  with  the  accompanying  results,  but  it  could 
be  correct.  This  value  is  being  checked  for  accuracy  and  will  be  verified  as 
soon  as  possible. 


Table  VI -16 

Butvltin  Concentration  (ug/kg.  wet  weight)  in  Cyperus  esculentus 


Parameter 

AD 

OHIl 

ADW 

ad"" 

OHO 

ADW 

WRSl 

AD 

METHOD 

BLANK 

Tributyltin 

PD^ 

100.9 

PD 

<38.3 

<38.3 

<38.3 

Dibutyltin 

PD 

<18.1 

PD 

<18.1 

<18.1 

<18.1 

Monobutyl tin 

PD 

<16.4 

PD 

<16.4 

<16.4 

<16.4 

^  Plant  death. 
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If  Oakland  Harbor  Inner  and  Outer  sediments  are  placed  in  a  upland 
environment,  plant  colonization  of  even  salt  tolerant  upland  plants  are  not 
expected  until  sufficient  salts  are  leached.  Once  Oakland  sediments  can 
support  freshwater  upland  plants,  uptake  and  bioavailability  of  cadmium  may 
be  of  concern.  Plants  should  be  limited  to  non-agricultural  species  that 
minimize  uptake,  such  as  red  fescue. 

Oakland  Outer  sediment  had  elevated  concentrations  of  selenium  and 
silver  that  are  of  concern.  However,  since  these  elevated  concentrations  were 
determined  from  one  composite  plant  sample  and  only  in  OHIl,  further  evalua¬ 
tion  and  additional  bioassay  tests  need  to  be  conducted  to  verify  these 
results.  Upland  disposal  of  Oakland  sediments  are  not  expected  to  contribute 
to  plant  uptake  of  PAH  and  butyltin  that  would  be  of  environmental  concern. 


PART  VII:  ANIMAL  TESTS 


Methcids  and  Materials 

A  supply  of  red  viggler  earthworms,  Eisenia  foetida,  was  obtained  from  a 
commercial  bait  supplier,  Briggs  Bait  Farm,  Meridian,  MS.  The  worms  were 
transferred  to  a  horse  manure  holding  medium  until  used  for  bioassessments. 

The  horse  manure  selected  for  the  worm  medium  was  collected  from  a  single 
horse  that  was  neither  on  medication  nor  fed  materials  containing  contaminants 
above  background  levels.  In  all  bioassessments,  only  mature,  clitellate 
earthworms  were  used. 

Sediments  were  washed,  as  previously  described  in  Section  VI.  Samples 
of  the  Oakland  Inner  and  Outer  Harbor  sediments  were  collected  for  earthworm 
toxicity  screening  tests.  Three  earthworms  were  placed  in  small  amounts  of 
each  of  the  test  substrates  and  survival  after  72  hours  was  observed.  The 
results  of  the  toxicity  screening  tests  were  similar  to  Lee  et  al .  1992 
(Table  57)  and  used  to  determine  the  point  in  the  washing  at  which  the  salt 
concentration  was  low  enough  for  earthworms  to  colonize  and  allow  the  earth¬ 
worm  bioassessment  procedure  to  be  conducted. 

The  WES  earthworm  bioassessment  procedure  was  designed  to  evaluate  the 
potential  toxicity  or  mobility  of  contaminants  to  soil  invertebrates  coloniz¬ 
ing  a  sediment  or  soil  in  an  upland  environment.  The  test  materials  were 
placed  in  transparent  plexiglass  cylinders  12  inches  (30  cm)  deep  and  6  inches 
(15  cm)  in  diameter  (Figure  VII-1).  Each  cylinder  was  closed  at  one  end  with 
cotton  muslin  cloth  or  Nytex  mesh  and  filled  the  test  substrate.  The  muslin 
covered  end  of  each  cylinder  was  placed  in  an  8-inch  (20-cm)  diameter  plastic 
dish  of  deionized  water.  The  water  could  then  diffuse  into  the  substrate  and 
the  earthworms,  could  move  to  areas  of  optimum  moisture. 

Five  substrates  replicated  three  times  were  used  in  the  toxicity/ 
contaminant  mobility  bioassessment;  Oakland  Inner  Harbor  Sediment  (OHIl) , 

Oakland  Outer  Harbor  Sediment  (OHO) ,  and  Manure  Reference  (horse  manure 
worm-culture  and  holding  media).  Two  Field  Verification  Program  (FVP)  sub¬ 
strates  were  selected  as  additional  references.  These  references  serve  as 
examples  of  a  highly  contaminated  marine  sediment  following  upland  disposal  to 
provide  perspective  in  the  interpretation  of  the  Oakland  substrate  bioassay 
data.  FVPl  (Contaminated  Reference  1)  was  material  that  had  remained  unvege¬ 
tated  since  disposal  in  1984,  and  FVP2  (Contaminated  Reference  2)  represented 
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Figure  VII -1.  Earthworm  Bioassay  Apparatus 

the  same  substrate  after  the  addition  of  amendments  in  the  field  to  establish 
vegetation.  The  FVP  Upland  Site  is  summarized  in  Folsom  et  al .  (1988)  and  in 
Brandon  et  al.  (1991). 

Fifty  earthworms  were  added  to  each  cylinder  (Figure  VII-2).  After 
28  days  the  cylinders  were  emptied  and  the  worms  were  recovered  (Figures  VII-3 
and  VII -4).  The  earthworms  from  each  cylinder  were  counted  and  weighed  before 
and  after  depurating  on  moist  filter  paper  for  24  hours.  Earthworms  were 
humanely  killed  by  freezing  in  preparation  for  analysis. 

Frozen  worms  were  shipped  overnight  to  the  analytical  laboratory  and 
analyzed  for  metals,  pesticides,  PCBs,  and  PAHs.  Analytical  preparations  and 
procedures  are  discussed  in  Lee  et  al.  1992. 

Results  and  Discussion 


The  results  of  the  preliminary  toxicity  screening  tests  indicated  that 
the  Oakland  Harbor  substrates  would  not  permit  the  colonization  by  upland 
(freshwater)  soil  invertebrates  unless  salt  levels  were  reduced  to  levels 
osmotically  safe.  As  anticipated,  salty,  unwashed  Oakland  Inner  and  Outer 
Harbor  sediments  were  toxic  to  earthworms,  but  test  animals  survived  in  both 
substrates  after  washing.  Neither  the  Oakland  Inner  Harbor  nor  the  Oakland 
Outer  Harbor  substrate  was  toxic  after  washing,  although  worm  growth  and 


188 


Figure  VII -3.  Earthworm  Test  after  28  Davs 


number  of  individuals  recovered  varied  with  tlie  substrates  (Table  VII-1).  Low 


tissue  weights  required  the  replicates  to  he  composited  to  increase  the  amount 
of  tissue  to  20  grams  fresh  weight  for  analysis  of  metals,  PAHs  and  PCBs . 


Figure  VII -4.  Harvesting  Earthworms 


summarized  in  the  following  tables:  metals,  Table  VIl-2;  PCBs ,  Table  VII-3; 
PAHs ,  Table  VII-4;  and  pesticides,  Table  VlI-5. 

The  initial  toxicity  tests  indicated  that  the  sediments  from  both  Oak¬ 
land  Inner  and  Outer  Harbors  were  not  toxic  after  washing  and  that  coloniza¬ 
tion  by  upland  invertebrates  could  begin  relatively  soon  after  disposal  in  an 
upland  environment  where  salt  would  be  washed  away  and  not  accumulate.  Any 
colonization  is,  however,  limited  by  the  presence  of  adequate  food  material 
for  the  soil  invertebrate  community.  In  the  absence  of  a  concomitant  plant 
community  the  successful  colonization  of  a  dredged  material  disposal  site  by 
upland  invertebrates  is  unlikely.  This  is  clearly  shown  in  Table  VII-1  where 
the  weights  and  numbers  of  the  recovered  earthworms  are  tabulated.  The  manure 
reference  material,  a  good  earthworm  holding  medium,  shows  both  good  earthworm 
recovery  and  favorable  weight  gain.  In  contrast,  test  substrates  OHO  and 
0HI3 ,  suggest  that  the  introduced  test  population  is  on  the  decline.  These 
data  indicate  the  failure  of  the  Oakland  Harbor  substrates  to  provide  the 
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Table  VII- 1 

Earthworm  Toxlcltv  Test  ^28-DavI  of  Reference  Manure. 
Oakland  Inner  and  Outer  Harbor  Sediments 


Original  Number 

Final  Number 

Wet 

Substrate 

of  Worms 

of  Worms^ 

Weieht  ( 

OHIl 

1 

50 

50 

5.982 

OHIl 

2 

50 

50 

5.082 

OHIl 

3 

50 

49 

5.212 

OHIl 

4 

50 

53 

5.352 

OHO 

1 

50 

47 

5.122 

OHO 

2 

50 

45 

4.792 

OHO 

3 

50 

51 

5.032 

OHO 

4 

50 

48 

5.002 

FVPl 

1 

50 

33 

4.13'- 

FVPl 

2 

50 

5 

1.30* 

FVPl 

3 

50 

47 

5.64* 

FVPl 

4 

50 

40 

5.96* 

FVP2 

1 

50 

11 

1.735 

FVP2 

2 

50 

26 

3.235 

FVP2 

3 

50 

45 

7.055 

FVP2 

4 

50 

43 

5.875 

Reference  1 

50 

58 

16.67 

Reference  2 

50 

57 

17.06 

Reference  3 

50 

51 

15.44 

Reference  4 

50 

55 

18.29 

1  Increase  in  earthworm  numbers  due  to  reproduction  and  the  growth  of  small 
worms  during  test. 

2  Composited  for  chemical  analysis  "OHIl  Composite." 

3  Composited  for  chemical  analysis  "OHO  Composite." 

4  Composited  for  chemical  analysis  "FVPl  Composite." 

5  Composited  for  chemical  analysis  "FVP2  Composite." 


necessities  for  growth  and  continued  maintenance,  in  the  absence  of  other 
related  biotic  communities,  when  tested  as  an  upland  soil.  This  is  certainly 
typical  of  any  marine  sediment,  whether  considered  contaminated  or  not,  and 
will  require  management  if  the  sediment  is  used  to  create  a  freshwater,  upland 
ecosystem. 

Earthworm  toxicity  has  been  demonstrated  to  parallel  mammalian  toxicity 
for  many  hazardous  substances  (Callahan  1991).  In  addition,  earthworms  are 
also  excellent  indicators  of  potential  bioaccumulation  of  contaminants  by  all 
classes  of  animals.  Since  the  earthworm  seldom  metabolizes  the  compound  taken 
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Heavy  Metal  Concentration  In  Bioassav  Earthworms 
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ICP\MS  Technique 

Value  is  statistically  greater  than  the  Reference  Mean  using  a  one  tailed  t-test  at 
alpha-0.01. 

Value  is  statistically  less  than  the  Reference  Mean  using  a  one  tailed  t-test  at 
alpha-0.01 . 


Table  VII -3 

PCB  Concentration  in  Bioassav  Earthworms 
^Concentration  in  ue/kg  Wet  Weight) 


Substrate 

Aroclor 

12A2 

Aroclor 

1248 

Aroclor 

1254 

Aroclor 

1260 

OHIl  Composite 

<17.471 

<17.471 

320.121 

<17.471 

OHO  Composite 

<8.901 

<8.901 

104.985 

<8.901 

FVPl  Composite 

<10.915 

<10.915 

2026.302 

<10.915 

FVP2  Composite 

<28.734 

<28.734 

3289.12 

<28.734 

Reference  Rep  3 

<8.559 

<8.559 

<8.559 

<8.559 

PAH 

Table  VII -4 

Concentration  in  Bioassav 

Earthworms 

( Concentrat ion 

in  up/kp  Wet  Weipht) 

OHO 

OHIl 

FVP  1 

FVP  2 

REF 

PAH 

COMP 

COMP 

COMP 

COMP 

REP  3 

Acenapththene 

<1.46 

<3.74 

<3.33 

<8.76 

<1.33 

Acenapththylene 

<5.03 

<0.87 

9.23 

<6.33 

<4.83 

Anthracene 

2.39 

5.47 

8.14 

<4.14 

<2.14 

Benzo  (a)  anthracene 

11.95 

27.11 

24.59 

19.06 

<0.47 

Benzo  (b)  fluoranthene 

33.12 

117.57 

215.92 

197.25 

<0.93 

Benzo  (k)  fluoranthene 

25.08 

95.5 

139.62 

90.2 

<0.78 

Benzo  (a)  Pyrene 

M 

M 

M 

M 

<3.18 

Benzo  (g,h,i)  Perylene 

<5.38 

10.59 

<6.6 

<12.67 

<5.17 

Chrysene 

22.52 

57.42 

183.54 

132.87 

<0.88 

Dibenzo  (a,h) 

anthracene 

<2.7 

<5.29 

<1.78 

<8.71 

<2.59 

Fluoranthene 

12.26 

38.07 

32.48 

25.25 

<0.48 

Fluorene 

<1.04 

<3.23 

<2.04 

<3.19 

<1.18 

Indeno -(l,2,3-c,d) 

Pyrene 

<3.97 

<7.78 

<4.86 

<12.8 

<3.81 

Naphthalene 

B 

B 

B 

B 

B 

Phenanthrene 

4.75 

16.86 

24.25 

19.66 

3.2 

Pyrene 

86.76 

378.65 

38.95 

34.29 

<0.57 

M  -  matrix  interference . 

B  -  compound  present  in  blanks. 


up  from  its  environment,  the  compounds  are  found  in  the  earthworm  as  the 
parent  compounds  and  not  the  many  metabolites  typical  of  higher  systems  (Reddy 
et  al.  1991).  This  permits  a  more  accurate  evaluation  of  the  extent  of 
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Table  VII -5 

Pesticide  Concentrations  in  Bloassav  Earthworms 
(Concentrations  in  u^/kp  Wet  Weight) 


Substrate 


Pesticide 

OHIl 

Como . 

OHO 

Como . 

FVPl 

Como . 

FVP2 

Como . 

Ref. 
Reo  3 

a-BHC 

<0 . 609 

<0.311 

<0.381 

<1.002 

0.304 

b-BHC 

<0.609 

<0.311 

<0.381 

<1.002 

<0.299 

d-BHC 

5.939 

<0.311 

<0.381 

<1.002 

<0.299 

Lindane 

6.514 

<0.311 

4.358 

<1.002 

<0.299 

Heptachlor 

<2.051 

<0.635 

14.403 

<2.051 

<0.611 

Aldrin 

1.225 

6.65 

6.796 

<0.979 

0.635 

Heptachlorepoxide 

1.215 

0.945 

<0.427 

<1.123 

<0.335 

Endosulfan  sulfate 

11.899 

9.327 

<1.092 

28.155 

<0.856 

a-Endosulfan 

2.634 

<1.35 

11.696 

19.831 

0.954 

Dieldrin 

<4.716 

12.86 

17.959 

<9 . 948 

<3.114 

Endrin 

<5.996 

5.95 

<3.746 

<9.861 

<2.937 

b- Endosulfan 

2.298 

6.244 

<1.092 

13.6 

<0.856 

Endrin  aldehyde 

<1.747 

<0.89 

<1.092 

<2.873 

<0.856 

Toxaphene 

<17.471 

<8 . 901 

<10.915 

<28.734 

<8.559 

pp  ODE 

30.301 

21.859 

18.193 

43.678 

0.562 

pp  ODD 

29.311 

25.619 

9.29 

60.587 

<0.201 

pp  DDT 

2.613 

1.22 

9.278 

2.108 

<0.628 

Chlordane 

<17.471 

<8.901 

<10.915 

<28.734 

<8.559 

contaminant  uptake .  The  individual  classes  of  compounds  are  discussed  in  the 
following  paragraphs. 

Metal  accumulation  by  test  earthworms  is  summarized  in  Table  VII -2.  All 
metals  were  relatively  low  in  earthworms  in  the  Manure  Reference  medium. 

Tissue  arsenic,  chromium,  nickel  and  lead  statistically  higher  in  the  earth¬ 
worms  exposed  to  both  Oakland  Harbor  sediments  and  FVP  dredged  material  in 
comparison  to  those  in  the  Manure  Reference.  Arsenic  concentrations  in  earth¬ 
worm  tissues  appeared  to  be  slightly  above  the  Australian  FDA- like  action 
level  of  10  /ig/g  for  shellfish  and  fish.  This  indicates  a  potential  for  soil 
invertebrates  to  accumulate  arsenic  to  concentrations  that  would  be  of  concern 
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to  the  Australians  and  perhaps  should  be  of  concern  to  Americans.  Earthworm 
tissue  content  of  cadmium  was  not  statistically  different  across  the  test 
substrates.  Although  there  is  very  little  data  on  the  effects  of  elevated 
nickel  in  soil  invertebrates,  management  may  be  required.  There  are  no  advi¬ 
sory  or  regulatory  guidelines  for  nickel  levels  that  can  be  used  to  place 
these  data  in  perspective.  However,  the  accumulation  of  nickel  did  not  exceed 
an  order  of  magnitude  over  the  manure  reference  values,  and  therefore  should 
be  of  a  low  concern.  Earthworm  zinc  concentrations  were  the  lowest  in  the 
Oakland  Harbor  sediments  when  compared  to  the  Manure  Reference  or  the  FVP 
dredged  material  containing  1,370  mg/kg  Zn.  In  addition,  plants  grown  in  the 
Oakland  Harbor  sediment  contained  reduced  tissue  zinc  contents  which  might 
indicate  a  possible  zinc  deficiency.  Chromium  and  to  a  lesser  extent,  lead 
concentrations  were  also  elevated  in  the  bioassay  earthworms  exposed  to  the 
Oakland  Harbor  sediments  in  comparison  to  the  Manure  Reference.  Earthworm 
tissue  levels  of  chromium  from  the  Oakland  Inner  Harbor  sediment  (OHIl) 
approached  those  from  earthworms  exposed  to  the  FVP  dredged  material ,  which 
contains  approximately  1,403  mg/kg  chromium.  In  the  wetland  mesocosm  testing 
of  Oakland  Harbor  sediments  (Lee  et  al.  1993),  elevated  chromium  and  lead 
concentrations  were  observed  in  snails  collected  from  an  undisturbed  area  by  a 
contractor  and  supplied  for  bioassay  testing.  Consequently,  there  may  be  an 
elevated  ambient  level  of  chromium  and  lead  in  the  environment  of 
San  Francisco  Bay. 

The  results  of  the  bioassessment  for  PCBs  are  shown  in  Table  VII-3. 

Only  one  PCB  mixture,  Aroclor  1254,  was  detected  in  Oakland  Inner  and  Outer 
Harbor  sediments  and  accumulated  above  detection  limits  by  earthworms  exposed 
to  those  substrates.  Aroclor  1254  concentrations  are  well  below  those  of  the 
earthworms  exposed  to  the  contaminated  FVP  dredged  material  reference  that 
contained  6.8  mg/kg  Aroclor  1254. 

Anthracene,  benzo (a) anthracene ,  benzo(b) fluoranthene ,  benzo(k)- 
f luoranthene ,  fluoranthene,  chrysene,  phenanthrene ,  and  pyrene  were  found 
above  detection  limits  in  the  tissues  of  earthworms  exposed  to  both  Oakland 
Harbor  sediments  (OHO  and  OHIl,  Table  VII-4).  Tissue  concentrations  of  these 
PAHs  appeared  to  be  slightly  higher  in  earthworms  exposed  to  Oakland  Inner 
Harbor  sediment  (OHIl)  than  those  exposed  to  Oakland  Outer  Harbor  sediment 
(OHO).  In  addition,  earthworms  exposed  to  Oakland  Inner  Harbor  sediment 
accumulated  benzo ( g, h, i)perylene.  Earthworm  levels  of  many  PAHs  exposed  to 
OHIl  were  in  the  range  of  those  animals  exposed  to  FVP  dredged  material 
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references,  which  contained  sediment  concentrations  of  the  sum  of  PAHs  of 
142  mg/kg  (individual  PAHs  ranged  up  to  9.8  mg/kg  on  a  dry  weight  basis). 

The  exposure  of  earthworms  to  the  Oakland  Harbor  test  sediments  resulted 
in  accumulation  of  numerous  pesticides  to  levels  above  detection  limits  and  in 
the  range  of  tissue  concentrations  produced  by  the  contaminated  FVP  dredged 
material  references  (Table  VII-5).  Dieldrin  and  endrin  were  detected  in 
earthworms  exposed  only  to  the  Oakland  Outer  Harbor  sediment.  However,  the 
bioassay  earthworms  indicated  that  aldrin,  heptachlorepoxide ,  endosulfan  sul¬ 
fate,  b-endosulfan,  p^DOT,  *’*’DDE,  and  PPDhD  were  accumulated  from  both  Oakland 
Harbor  sediments.  Lindane,  d-BHC,  and  a-endosulfan  were  also  accumulated  from 
Oakland  Inner  Harbor  sediment  (OHIl)  by  the  bioassay  earthworms.  None  of  the 
observed  earthworm  tissue  levels  resulting  from  exposure  to  the  Oakland  Harbor 
sediments  was  of  significance  when  put  in  perspective  to  existing  FDA  action 
levels  for  shellfish  and  fish.  The  bioassay  did  indicate  that  pesticides, 
otherwise  undetected,  are  present  and  are  bioavailable  to  soil  invertebrates, 
but  result  in  relatively  low  levels  in  tissues. 

Animal  Impacts  and  Controls 

A  wide  variety  of  animals  may  colonize  the  dredged  material  following 
disposal.  Prior  to  the  establishment  of  vegetation,  the  site  will  most  likely 
attract  various  gulls  and  terns  that  may  even  nest  on  the  site.  Species  such 
as  these  do  not  feed  on  site  and  can  only  be  impacted  by  their  contact  with 
the  dredged  material.  Large  colonies  of  shorebirds  may  be  difficult  to  manage 
and  may  result  in  the  occurrence  of  common  diseases  (Simmers  et  al .  1990). 

With  the  establishment  of  vegetation,  the  disposal  site  will  be  colonized  by 
earthworms  and  other  soil  invertebrates  that  predominantly  live  and  feed  in 
the  leaf  litter  produced  by  the  plants.  There  is  a  potential  for  soil  inver¬ 
tebrates  to  bioaccumulate  arsenic  to  concentrations  equal  to  or  above  the 
Australian  FDA- like  action  level  of  10  pg/g  for  shellfish  and  fish.  Foodwebs 
may  become  contaminated  with  arsenic  at  the  upland  disposal  site.  It  is  note¬ 
worthy  that  snails  collected  in  the  San  Francisco  Bay  area  contained  17  ^g/g 
arsenic  as  a  background  tissue  concentration.  These  data  suggest  a  relatively 
high  ambient  arsenic  concentration  in  the  environments  around  San  Francisco 
Bay.  There  Is  some  potential  for  metals  such  as  Cd  to  move  through  the  herbi¬ 
vore  food  chain  but  not  into  insectivores  (Stafford  et  al .  1991).  A  monitor¬ 
ing  plan  should  be  employed  to  evaluate  the  mobility  of  metals  such  as 
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arsenic,  nickel  and  cadmium  in  the  ecosystems  that  are  allowed  to  become 
established  on  an  Oakland  Harbor  sediment  upland  disposal  facility  in  both  the 
short  and  long  term. 

There  is  no  information  concerning  the  potential  movement  of  butyltins 
from  soil  invertebrates  into  the  terrestrial  food  web.  Insectivores  and  smell 
herbivores  should  be  sampled  for  butyltin  content  as  the  site  is  naturally 
colonized,  or  the  disposal  area  should  be  planted  with  vegetation  that  deters 
colonization  by  bird.s  and  mammals. 

PCB  movement  from  soil  invertebrates  to  higher  organisms  such  as  insec¬ 
tivorous  birds  does  not  appear  to  pose  any  problem  (Stafford  et  al.  1991). 
However,  there  are  no  data  concerning  the  movement  of  PCBs  in  the  herbivore 
food  web.  Tissue  PCB  concentrations  in  earthworms  exposed  to  Oakland  Harbor 
sediments  were  an  order  of  magnitude  below  FDA  action  levels  for  shellfish  and 
fish.  Earthworms  exposed  to  FVP  dredged  material  contained  tissue  PCB  con¬ 
centrations  equal  to  or  above  the  FDA  action  level  of  2,000  fig/kg  and  would  be 
of  concern. 

Levels  of  pesticides  in  bloassay  earthworms  were  relatively  low  when  FDA 
levels  are  considered.  Levels  of  PAHs  in  bioassay  earthworm  tissues  appear  to 
suggest  the  need  for  management  practices  to  isolate  these  compounds  from  food 
webs  that  may  become  established  on  the  dredged  material. 
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PART  VIII:  CONCLUSIONS  AND  RECOMMENDATIONS 


Metal  concentrations  in  Oakland  Inner  and  Oakland  Outer  Harbor  sediments 
were  compared  to  the  Twitchell  Island  soil  concentrations  from  a  previous 
evaluation.  Most  of  these  metals  are  not  unusually  elevated  but  chromium  and 
lead  in  both  Oakland  Inner  and  Outer  Harbor  sediments  appeared  to  be  higher 
than  the  chromium  and  lead  at  Twitchell  Island  and  in  the  levee  soils  col¬ 
lected  from  Twitchell  Island. 

Butyltin  concentrations  in  Oakland  Harbor  sediments  appeared  to  be  ele¬ 
vated  in  comparison  to  the  Twitchell  Island  soils  but  are  much  less  than  the 
concentrations  of  butyltins  found  in  the  turning  basin  sediment  of  Oakland 
Inner  Harbor  (Lee  et  al.  1992). 

Oakland  Inner  and  Oakland  Outer  Harbor  sediments  appear  to  contain  lower 
concentrations  of  PAHs  than  previous  tested  Twitchell  soils.  Pesticide  con¬ 
centrations  in  Oakland  Harbor  sediments  are  low  parts  per  billion  range. 

Effluent  test  results  indicated  that,  with  the  exception  of  copper  and 
tributyltin,  the  dissolved  concentrations  of  all  contaminants  discharged  as 
effluent  will  meet  all  assumed  water  quality  criteria  or  standards  prior  to 
any  mixing.  The  concentrations  of  dissolved  contaminants  exceeding  assumed 
criteria  or  standards  will  require  a  dilution  of  up  to  2  for  Oakland  Inner 
Harbor  sediment  and  21  for  Oakland  Outer  Harbor  sediment  in  the  mixing  zone  to 
meet  the  assumed  criteria  or  standards.  This  degree  of  mixing  can  generally 
be  achieved  within  a  short  distance  of  the  effluent  discharge. 

The  salinity  of  the  effluent  could  potentially  cause  some  adverse  envi¬ 
ronmental  Impacts.  A  dilution  of  approximately  10  to  1  would  reduce  the 
salinity  to  less  than  2  ppt  and  would  minimize  any  impacts  due  to  salinity. 
Bioassay  tests  indicated  no  toxicity  associated  with  exposure  of  sensitive 
test  organisms  to  the  Oakland  Harbor  sediment  modified  elutriates. 

Contaminants  in  surface  runoff  from  the  laner  and  Outer  Oakland  Harbor 
sediments  were  mostly  bound  to  the  t odiment  particulates.  Significant  quanti¬ 
ties  of  arsenic,  cadmium,  chromium,  copper,  zinc,  and  tributyltin  could  be 
eroded  from  an  upland  disposal  site  during  the  wet,  unoxidized  stage  if  the 
suspended  solids  were  not  removed  from  the  runoff. 

Potential  migration  of  contaminants  in  surface  runoff  water  during  the 
wet,  unoxidized  period  of  upland  disposal  would  be  mostly  associated  with 
erosion  of  particulates.  Management  of  the  upland  disposal  site  to  remove 
particulates  from  surface  runoff,  would  remove  90  to  99  percent  of  all 
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contaminants  in  surface  runoff.  Only  soluble  copper  concentrations  in  runoff 
from  the  Oakland  Inner  Harbor  sediment  exceeded  the  assumed  EPA  Acute  water 
quality  criteria  for  marine  environments  and  soluble  arsenic  exceeded  the 
assumed  Receiving  Water  Quality  Limitation  standards.  Soluble  arsenic  concen¬ 
trations  exceeded  the  assumed  Receiving  Water  Quality  Limitation  standards  in 
runoff  from  the  Oakland  Outer  Harbor  sediment  but  copper  did  not  exceed  the 
assumed  EPA  criteria.  Consideration  of  a  mixing  zone  at  the  discharge  point 
from  the  upland  disposal  site  and/or  further  treatment  may  be  required  for 
those  soluble  contaminants.  A  mixing  zone  ratio  of  about  10  to  1,  receiving 
water  to  runoff  water,  would  be  required  to  dilute  arsenic  concentrations  in 
surface  runoff  water  to  the  assumed  Receiving  Water  Quality  Limitation  stan¬ 
dards.  A  ratio  of  3  to  1  would  be  required  to  dilute  copper  concentrations  to 
the  assumed  EPA  water  quality  criteria  for  marine  environments. 

Potential  contaminant  migration  in  surface  runoff  from  dry,  oxidized 
sediments  should  occur  only  from  copper,  chromium,  zinc,  cadmium  and  arsenic 
bound  to  the  suspended  solids.  Only  soluble  arsenic  exceeded  the  assumed 
Receiving  Water  Quality  Limitation  standard  in  both  sediments.  Consideration 
of  a  mixing  zone  or  removal  of  the  suspended  solids  should  eliminate  the  need 
for  further  restrictions  particularly  with  regard  to  treatment  of  soluble 
contaminants.  Establishment  of  vegetation  either  by  natural  succession  or  by 
planting  would  further  reduce  contaminant  concentrations  in  surface  runoff.  A 
mixing  zone  of  less  than  10  to  1  would  be  required  to  dilute  unfiltered  con¬ 
taminant  concentrations  to  less  than  or  equal  to  the  strictest  criteria,  and  a 
mixing  zone  of  about  2  to  1  would  be  required  for  soluble  arsenic. 

Exposure  of  sensitive  test  animals  to  Oakland  sediment  runoff  waters 
showed  little  potential  for  aquatic  toxicity.  Mean  survival  was  usually 
greater  than  90  percent  for  all  treatments,  even  for  animals  exposed  to 
100  percent  runoff  water. 

The  oxidation  of  Oakland  Harbor  sediment  resulted  in  increased  leaching 
of  metals  compared  to  anaerobic  sediment.  The  increase  in  metals  leaching  was 
not  extremely  high,  but  leaching  under  aerobic  conditions  indicates  that  lea¬ 
chate  metals  concentrations  will  be  higher  if  dredged  material  in  an  upland 
facility  is  drained  to  the  extent  that  oxidizing  conditions  exist  throughout 
the  dredged  material.  From  a  management  perspective,  these  results  indicate 
that  metals  mobility  can  be  reduced  by  maintaining  anaerobic  conditions. 

Maximum  Contaminant  Levels  (MCLs)  established  under  the  Safe  Drinking 
Water  Act  were  not  exceeded  by  any  of  the  leachate  data.  Assumed  effluent  or 
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Discharge  Limitation  standards  for  copper  and  tributyltln  were  exceede  in  at 
least  one  test  for  Oakland  Inner  and  Outer  Harbor  sediments.  Effluent  Limita¬ 
tion  standards  for  cadmium  and  zinc  also  were  exceeded  for  the  Oakland  Inner 
Harbor  sediment.  Assumed  receiving  Water  Quality  Limitation  standards  were 
exceeded  for  all  contaminants  with  the  exception  of  chromium  for  both  Oakland 
Harbor  sediments  and  zinc  in  the  Oakland  Inner  Harbcr  sediment. 

The  plant  bioassay  test  indicated  thac  plant  growth  or  either  Oakland 
Inner  or  Outer  Harbor  sediment  was  poor.  Tissue  contents  of  cadmium,  leau, 
and  selenium  aopeared  to  be  elevated  in  plants  grown  in  Oakland  Outer  Harbor 
sediment  and  should  be  of  concern.  Consideration  of  restrictions  and  controls 
is  warranted  for  plants  colonizing  Oakland  Outer  Harbor  sediments  placed  in  an 
upland  disposal  environment. 

Both  Oakland  Harbor  sediments  were  not  toxic  to  earthworms  after  sedi¬ 
ment  salinity  was  reduced  by  washing  (leaching) .  While  earthworms  survived  in 
both  Oakland  Harbor  sediments,  they  showed  reduced  weights  compared  to  those 
in  the  manure  reference.  In  order  to  obtain  chemical  analysis  of  earthworm 
tissues,  composite  samples  of  replicates  were  made.  There  is  a  po  ;ential  for 
soil  invertebrates  to  bioaccumulate  arsenic  to  concentrations  equal  to  or 
above  the  Australian  FDA- like  action  level  of  10  ^g/g  for  shellfish  and  fish. 
Foodwebs  may  become  contaminated  with  arsenic  at  the  upland  disposal  site.  It 
is  noteworthy  that  snails  collected  in  the  San  Francisco  Bay  area  contained 
17  /ig/g  arsenic  as  a  background  tissue  concentration.  These  data  suggest  a 
relatively  high  ambient  arsenic  concentration  in  the  environments  around  San 
Francisco  Bay.  There  is  some  potential  for  metals  such  as  Cd  to  move  through 
the  herbivore  food  chain,  but  not  into  insectivores  (Stafford  et  al.  1991).  A 
monitoring  plan  should  be  employed  to  evaluate  the  mobility  of  metals  such  as 
arsenic,  nickel  and  cadmium  in  the  ecosystems  that  are  allowed  to  become 
established  on  an  Oakland  Harbor  sediment  upland  disposal  facility  in  both  the 
short  and  long  term. 

There  is  no  information  concerning  the  potential  movement  of  butyltins 
from  soil  invertebrates  into  the  terrestrial  food  web.  Insectivores  and  small 
herbivores  should  be  sampled  for  butyltin  content  as  the  site  is  naturally 
colonized,  or  the  disposal  area  should  be  planted  with  v<~getation  that  deters 
colonization  by  birds  and  ma.iimals. 

PCB  movement  from  soil  invertebrates  to  higher  organisms,  such  as  insec¬ 
tivorous  birds,  does  not  appear  to  pose  any  problem  (Stafford  et  al.  1991). 
However,  there  are  no  data  concerning  the  movement  of  PCBs  in  the  herbivore 
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food  web.  Tissue  PCB  concentrations  in  earthworms  exposed  to  Oakland  Harbor 
sediments  were  an  order  of  magnitude  below  FDA  action  levels  for  shellfish  and 
fish.  Earthworms  exposed  to  FVP  dredged  material  contained  tissue  PCB  concen¬ 
trations  equal  to  or  above  the  FDA  action  level  of  2,000  pg/kg  and  would  be  of 
concern. 

Levels  of  pesticides  in  bioassay  earthworms  were  relatively  low  when  FDA 
action  levels  are  considered.  Levels  of  PAHs  in  bioassay  earthworm  tissues 
appear  to  suggest  the  need  for  management  practices  to  Isolate  these  compounds 
from  food  webs  that  may  become  established  on  the  dredged  material. 
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APPENDIX  A:  SEDIMENT  COLLECTION  AND  CHEMICAL  CHARACTERIZATION 

Field  Sampling:  Battelle,  Pacific 
Northwest  Laboratories 
Sediment  Chemical  Characterization 
Sediment  Physical  Characterization 
Oakland  Inner  Harbor 
Oakland  Outer  Harbor 


A1 


2.0  MATERIALS  AND  METHODS 


2.1  SEDIMENT  COLLECTION 

The  MSL  collected  four  types  of  sediment  samples  &om  35  stations  (Figures  2.1  through 
2.4)  during  June  1990  to  achieve  the  objectives  of  the  Phase  in  A  Project  Because  of 
unacceptably  low  control  survival  for  the  polychaetes  in  the  initial  M.  nasuta/N.  caecoides  10-day 
(86%  survival)  and  28-day  (59%  survival)  tests,  the  tests  were  rerun.  During  the  September  1990 
sampling  efforts,  sediments  were  collected  for  Oakland  Harbor  Phase  m  38-Foot  and  Oakland 
Harbor  Phase  m  A  retest  programs.  The  sediments  were  retested  using  M.  nasuta  and  N. 
caecoides  at  the  following  stations:  I-C3, 1-C5, 1-C7  through  I-C12, 1-C14  through  I-C18, 1-Sl, 
I-Tl,  and  I-T3.  The  control  and  reference  sediments  used  for  the  M.  nasutaJN.  caecoides  retest 
were  firom  the  same  locations  as  those  collected  during  the  Phase  m  A  Project  The  Phase  m 
38-Foot  Program  was  run  concurrently  with  the  Phase  HI  A  retest  Phase  III  38-Foot  data  are 
provided  in  Ward  et  aL  1992.  The  results  of  both  the  Phase  in  A  and  Phase  III  A  retest  programs 
are  presented  in  the  following  sections.  Table  2.1  lists  the  code  identification  of  the  samples 
collected,  the  sediment  treatments  prepared,  and  the  analyses  performed  on  each  sediment 
treatment 

2.1.1  Oakland  Harbor  Sediment  Sampling  Methods 

Two  types  of  vibratory-hammer  core  samplers,  a  12-in.-diameter  split  core  and  a  4-in.- 
diameter  core  (Figure  2 J),  were  used  to  collea  sediment  samples  from  Oakland  Inner  and  Outer 
Harbors  for  the  Phase  HI  A  Project  Both  coring  devices  were  designed  by  MSL  and  Manson 
Construction  and  Engineering  Company  of  Richmond,  California,  to  sample  highly  compacted 
sediments  that  could  not  be  penetrated  by  conventional  coring  devices. 

Manson  also  supplied  the  derrick  barge  Hagar,  a  push  boat  suppon  equipment,  and  vessel 
and  coring  crews  for  the  Phase  HI  A  sampling  program.  The  //agar  provided  a  150-ft  x  60-ft 
work  platform  and  was  equipped  with  a  150-ft  boom  and  crane  to  support  the  coring  device.  Once 
the  barge  was  in  position,  60-ft  spud  anchors  were  lowered  to  maintain  that  position.  Crowley 
Dock,  operated  by  Crowley  Marine,  was  used  as  the  staging  area  for  all  coring  operations. 

Land  and  Sea  Surveys  of  Ventura,  California,  provided  navigational  suppon  throughout 
the  coring  operations.  Land  and  Sea  used  a  Geodometer  laser/range  azimuth  positioning  system  to 
locate  the  coring  stations.  Navigational  survey  control  points  were  located  at  the  Union  Pacific 
Railroad  Yard  (California  State  Coordinates  -  Zone  IH  -  N478193.85,  E1471745.84),  Monument 
Chan  (California  Coordinates  -  N474967.18,  E1479560.29),  and  the  Crowley  Marine  Dock  in  the 


PHASE  in  A 


2.1 


PHASE  m  A 


2.2 


FIGURE  2.1.  Oakland  Phase  III  A  Inner  and  Outer  Harbor  Sampling  Stations 


TART  F  *2  1  Sediment  Sample  Identification  Codes  and  Analyses 


Sediment 

Sediment 

Treatments 

Treatment 

for  Chemical 
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(a)  Solid-phase  toxicity  test 

(b)  Suspended-particulate-phase  toxicity  test 

(c)  Waterways  Experimental  Station  evduation. 

(d)  Sediment  treatment  not  used  for  this  analysis  at  the  direction  of  USAGE. 

(e)  This  composite  station  received  chemical  and  grain  size  analysis  and  solid-phase 

toxicity  testing. 
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FTCiIIRF.  2  5.  Components  of  the  4-in.  and  12-in.  Vibratory-Hammer  Coring  Devices 
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vicinity  of  Todd  Shipyard  (California  Coordinates  -  N475303.82,  E1483103.  i4).  An  additional 
point  was  used  to  site  the  maneuvering  area  (N475348.26,  E1483606.(X)). 

Prior  to  coring,  navigators  surveyed  the  station  reference  coordinates,  deployed  station 
buoys,  and  determined  station  water  depths  with  a  calibrated  fathometer.  The  unconected  depth, 
determined  with  the  fathometer,  was  recorded  in  station  logs  kept  by  Land  and  Sea  Surveys. 

Depth  corrections  were  made  during  the  coring  operation  by  measuring  water  level  with  respect  to 
a  known  tidal  benchmark  (e.g..  Monument  Chan  is  10.39  ft  above  MLLW)  and  applying  the 
appropriate  correction  factor  to  the  depth  measured  from  the  coring  barge  at  that  time.  By 
eliminating  the  use  of  a  tide  table,  errors  resulting  from  tide  table  corrections  were  reduced. 
However,  to  check  corrected  MLLW  depths  provided  to  the  derrick  barge  by  Land  and  Sea 
Surveys  personnel,  tide  tables  were  compared  to  MLLW  water  depths  in  the  coring  area  during 
coring  operations.  Uncorrected  water  depths  and  verified  MLLW  depths  were  recorded  in  MSL 
field  logs.  Water  depth  information  was  used  to  calculate  the  total  core  length  required  to  penetrate 
the  substrate  to  the  project  depth  of  -42  ft  (plus  2  ft  overdepth). 

After  the  Hagar  was  positioned  and  the  MLLW  depths  verified,  the  station  buoy  offset  was 
determined  to  permit  the  coring  device  to  be  positioned  correctly.  To  collect  a  sample,  the  core 
sampler  was  suspended  from  the  crane  on  the  derrick  barge,  and  the  crane  was  used  to  lower  the 
sampler  to  the  sediment  As  the  coring  device  was  lowered  to  the  seafloor,  the  coring  depth  was 
measured  using  the  calibration  marks  on  the  core  barrel.  If  the  weight  of  the  sampler  itself  did  not 
cause  it  to  penetrate  the  sediment  to  -44  ft  MLLW  (project  depth  of  -42  ft  MLLW  plus  2  ft 
overdepth),  the  core  sampler  was  driven  to  depth  by  a  6-ton,  Westam  electric  vibratory  hammer. 
The  core  barrel  was  then  lifted  from  the  sediment  by  the  crane,  decoupled  from  the  vibratory 
hammer,  and  lowered  onto  the  deck  of  the  barge. 

The  4-in.-diameter  sampler  was  used  to  collect  cores  from  the  Oakland  Harbor  sites  for 
geological  description,  chemical  analysis,  and  toxicological  testing.  The  4-in.  core  barrel  was  lined 
with  a  length  of  steam-cleaned  Lexan  polycarbonate  tubing  that  protected  the  sediment  from 
disturbance  and  contamination  during  sampling.  Sediment  was  retained  in  the  Lexan  core  liner 
either  by  specially  designed  core  catchers  or  a  flapper  valve  (Rgure  2.5).  When  the  sampler  was 
brought  onto  the  barge,  the  Lexan  liner  containing  the  sediment  was  pulled  from  the  sampler  and 
measured  to  confirm  that  sufficient  depth  was  reached.  The  core  was  then  capped  at  both  ends  and 
labeled.  If  necessary,  samples  were  cut  and  capped  in  shorter  sections  to  ft  inside  the  storage 
freezer  on  board  the  D/B  Hagar,  where  all  core  samples  were  stored  at  approximately  4°C. 
Sediment  composite  sites  AC-1  and  AC-3  were  consolidated  by  mixing  sediment  from  the  4-in. 
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cores  in  large  cement  mixers  at  the  MSL.  These  composite  stations  received  chemical  and  grain 
size  analysis  and  solid-phase  toxicity  testing. 

Many  of  the  Phase  HI  A  samples  were  collected  using  a  sampler  with  two  4-in.-diameter 
core  barrels.  The  obvious  advantage  of  the  double-barreled  sampler  is  that  it  permits  collection  of 
duplicate  core  samples  simultaneously.  However,  the  double-barreled  core  sampler  operates 
optimally  only  when  both  core  barrels  enter  the  sediment  at  exactly  the  same  angle.  Penetration  of 
the  double  core  through  the  sediment  when  the  barrels  are  slightly  bent  was  much  slower  than  it 
was  for  the  single  core. 

The  12-in.  split-core  sampler  yields  approximately  5.8  gal  of  sediment  per  running  foot,  so 
it  was  used  to  collect  the  large  volumes  of  sediment  needed  for  the  WES  uplands/wetlands  and 
FATES  testing  programs.  The  12-in.  sampler  was  split  longitudinally  for  approximately  30  ft, 
with  the  two  halves  connected  by  hinged  "doors,"  each  approximately  10  ft  long.  The  upper  door 
was  welded  shut  most  of  the  time,  but  was  cut  open  when  a  longer  core  was  needed.  The  lower 
door  was  held  shut  by  chain  binders  during  sampling.  Sediment  was  retained  in  the  12-in.  split 
core  either  by  the  strength  of  the  compact  sediment  at  the  bottom  or  by  a  specially  designed  flapper 
valve.  When  a  12-in.  core  was  brought  on  deck,  the  lower  door  was  unchained  and  pried  open  to 
expose  the  sediment.  The  length  of  the  core  was  measured  and  recorded.  If  sufficient  sediment 
was  collected,  the  sediment  from  the  appropriate  depth  fraction  (mudline  to  -44  ft  MLLW)  was 
shoveled  into  a  labeled,  epoxy-coated  55-gal  drum.  The  drums  were  kept  covered  at  all  times 
unless  actively  being  filled.  The  core  sampler  was  thoroughly  rinsed  with  seawater  between 
samples.  Processing  of  WES  sediment  samples  took  place  on  board  the  Hagar.  Sediment  from 
the  12-in.  cotes  was  collected  and  composited  to  make  stations  AC-1  (Oakland  Inner  Harbor)  and 
AC-3  (Oakland  Outer  Harbor).  These  composite  stations  received  chemical  and  grain  size  analysis 
and  solid-phase  toxicity  testing.  Sediment  from  the  12-in.  cores  was  also  sent  to  WES  and 
composited  into  station  AC-1  for  their  testing.  A  subsample  of  these  composites  was  sent  to  the 
MSL  at  the  end  of  the  Phase  HI  A  testing.  This  sample  was  tested  in  August  1990  with  several 
others  that  were  collected  from  San  Francisco  Bay  for  WES. 

Sampling  took  place  at  Oakland  Inner  and  Outer  Harbors  from  June  4  through  13,  1990.  A 
total  of  128  acceptable  cores  were  collected  at  35  stations,  as  shown  in  Figure  2.1.  Mudline  depths 
(as  evidenced  by  the  ring  of  mud  surrounding  the  core  barrel)  at  the  sampling  locations  varied  from 
-25.4  ft  MLLW  (Station  T-5)  to  -41  5  ft  MLLW  (Station  OC-2),  resulting  in  core  lengths  of  18.6  ft 
and  2.5  ft,  respectively.  The  minimum  sediment  volume  required  fo.'  each  sediment  treatment 
(60  L)  was  obtained  with  28.0  ft  of  core  from  the  4-in.-diameter  core.  All  stations  were 
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successfully  cored  to  the  project  depth.  Field  data  for  coring  operations  are  summarized  in  Volume 
2,  Appendix  A. 

2.1.2.  Reference  and  Control  Sediment  Collection 

The  FA^  Cobra  was  used  for  coUecdon  of  the  San  Francisco  Bay,  offshore,  and  off-shelf 
reference  sediments.  Disposal  site  reference  sediment  was  collected  with  a  0.1 -m2  modified  van 
Veen  grab  sampler  firom  three  areas  within  San  Francisco  Bay.  A  summary  of  the  sampling  data  is 
provided  in  Volume  2,  Appendix  A.  Six  sampling  stations  (designated  R-BF  1  through  R-BF  6) 
were  located  within  the  Bay  Fann  Borrow  Area  (Figure  2.2).  Eight  stations  (designated  R-AC  1 
through  R-AC  8)  were  located  within  a  circle  having  a  diameter  of  approximately  0.3  nmi,  whose 
center  is  located  0.25  nmi  south  of  Alcatraz  Island.  This  circle  is  the  Alcatraz  Island  Dredged 
Sediment  Disposal  Site  (Figure  2.3).  Nine  stations  (designated  R-AM  A  through  R-AM  I)  were 
located  on  a  grid  surrounding  Alcatraz  Island  at  locations  presumably  not  affected  by  the  disposal 
of  dredged  material  (Figure  2.3).  Sampling  stations  were  located  by  using  a  combination  of 
LORAN  C  and  variable  fix  and  range  radar,  as  well  as  fixes  to  identifiable  shore  ranges.  Sediment 
from  the  grab  samples  was  placed  into  coolers  and  stored  at  4°C  until  transferred  to  the  refrigerated 
truck  and  transponed  to  the  MSL  for  chemical  analysis  and  bioassay  testing.  Sediment  from  all 
stations  within  an  area  was  sieved  through  a  0.5-mm  screen  and  composited  before  use. 

Two  types  of  offshore  reference  sediments  were  coUeaed  from  an  area  south  of  Point 
Reyes,  California  (Figure  2.4),  and  one  farther  offshore  (Figure  1.1).  Six  samples  were  collected 
with  a  large  pipe  dredge  from  an  area  of  silty  sediment  (fine  reference)  and  composited  (designated 
R-PF).  Nine  samples  were  collected  from  an  area  of  sandy  material  (coarse  reference)  and 
composited  (designated  R-PC).  The  off-shelf  dredge  sample  (designated  R-OS)  was  taken  at  a 
depth  of  about  4200  ft  from  an  area  approximately  40  nmi  west  of  Half-Moon  Bay,  California. 

Native  control  sediments  were  collected  from  three  areas:  Sequim  Bay,  Washington 
(designated  C-SB);  West  Beach  on  Whidbey  Island,  Washington  (designated  C-WB);  and  Tomales 
Bay,  California  (designated  C-NE).  About  156  L  of  native  sediment  for  M.  nasuia  were  collected 
from  Sequim  Bay  (Figure  2.6)  using  a  modified  van  Veen  grab  sampler.  A  small  dredge  was  used 
to  collect  approximately  50  L  of  native  sediment  for/?,  abronius  from  West  Beach  (Figure  2.7)  in 
waters  about  15  ft  deep.  Sequim  Bay  and  West  Beach  sediments  were  placed  into  coolers  and 
transported  to  MSL  on  the  day  of  collection.  Native  sediments  for  V.  caecoides  were  collected 
from  Tomales  Bay  (38°13.83'N,  122°57.67'W)  (Figure  2.8),  placed  in  coolers,  and  transponed 
overnight  to  MSL.  Each  native  sediment  was  washed  through  a  sieve  with  mesh  openings  of 
0.5-mm  to  remove  larger  predatory  animals  and  debris.  Additionally,  the  Tomales  Bay  sediment 
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was  vigorously  aerated  in  a  flow-through  tank  prior  to  use  in  testing  to  aerate  the  organically  rich 
sediment 

2.1.3  Sample  Shipment 

The  test  sediment  samples  collected  in  Oakland  Inner  Harbor  were  held  in  4-in.  core  tubes. 
The  reference  and  control  sediments  were  contained  in  coolers.  Each  day  after  the  samples  were 
collected  they  were  off-loaded  into  a  refrigerated  van  and  stored  at  4*’C.  Chain-of-custody  forms 
were  completed  in  the  field,  sealed  in  plastic  bags,  and  attached  to  one  of  the  coolers.  When  all 
sampling  was  completed,  samples  for  WES  were  shipped  to  Vicksb^jrg,  Mississippi,  in  one 
refrigerated  van  maintained  at  4°C.  Samples  for  the  MSL  were  shipped  to  Sequim,  Washington,  in 
another  refrigerated  van  maintained  at  4^C  Once  at  the  MSL,  samples  were  held  at  4^*0  until  used 
for  chemistry  or  bioassay  testing.  Upon  receipt  the  samples  were  inventoried  against  chain-of- 
custody  forms  and  maintained  in  the  refrigerated  van.  All  samples  were  used  within  their  2-week 
holding  limit 


2.2  TEST  ORGANISM  mi  .LFrTTnN 

Six  different  species  of  marine  organisms  were  used  for  the  Oakland  Phase  m  A  sediment 
evaluations: 

•  Bent-nose  clam  (Macoma  nasuta) 

•  Marine  worm  (Nephtys  caecoides) 

•  Marine  amphipod  (Rhepoxynius  abronius) 

•  Sanddab  (Citharicthys  stigmaeus) 

•  Mysid  shrimp  (Holmesimysis  sculpta) 

•  Oyster  larvae  ( Crassostrea  gigas) 

These  animals  were  obtained  before  and  during  sediment  collection  operations. 

2.2.1  M.  nasuta  Collection 

Approximately  10,000  individuals  of  the  bent-nose  clam,  M.  nasuta,  were  collected  in 
Discovery  Bay,  Washington,  (48*’02.80'N,  122®50.00W)  by  Johnson  and  Gunstone  Clams  of 
Port  Townsend,  Washington.  Discovery  Bay  is  located  near  the  MSL,  and  is  considered  an 
uncontaminated  habitat  for  M.  nasuta  (EPA  1986a).  Clams  were  collected  with  a  shovel,  sieve, 
and  bucket.  Care  was  taken  to  minimize  shell  breakage.  In  the  field,  clams  were  kept  cool  in  large 
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PCB  QUALITY  CONTROL  RESULTS 


SAMPLE  zdeNTXFXCATZOM:  214567  Matrix  Spike 


comoound 

Amount 

Spiked 

(uo/aH 

Amount 

Spiked 

(tiq/q) 

Amount 

Recovered 

juq/pj.) 

Amount 

Recovered 

i-uq/q} 

Percent 

Recoverv 

PCB  1254 

o 

• 

in 

0.23 

6.2 

0.28 

130% 

Surrogate: 

DBC 

150% 

SAMPLE  XDENTX7XCATX0N: 

214567  Matrix  Spike  Duplicate 

Amount 

Amount 

Amount 

Amount 

Spiked 

Spiked 

Recovered 

Recovered 

Percent 

Comnound 

(uq/mH 

l\^q/q) 

ivq/Bl») 

Xyq/.q| 

Recoverv 

PCB  1254 

5.0 

0.26 

6.2 

0.32 

120% 

Surrogate: 

• 

DBC 

... 

— 

120% 

Date  Extracted:  October  23,  1990 

Date  Analyzed:  October  24,  1990,  through  October  26,  1990 
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PESTICIDE  QUALITY  CONTROL  RESULTS 


SAMPLE  lOENTIPICATIOM: 

214558  Matrix 

Spike 

Amount 

Amount 

Amount 

• 

Amount 

Spiked 

Spiked 

Recovered 

Recovered 

Percent 

Comoound 

tuq/SL). 

iaqLq). 

Juq/nL> 

iv-q/q) 

Recoverv 

Aldrin 

0.50 

0.026 

0.53 

0.027 

110% 

4,4*  DDT 

0.50 

0.026 

0.81 

0.042 

160% 

Dieldrin 

0.50 

0.026 

0.61 

0.031 

120% 

Endrin 

0.50 

0.026 

0.61 

0.031 

120% 

Heptachlor 

0.50 

0.026 

0.56 

0.029 

110% 

Lindane  (G-BHC) 

0.50 

0.026 

0.57 

0.029 

110% 

Surrogate: 

DBC 

140% 

SAMPLE  IDENTIFICATION: 

214558  Matrix  Spike  Duplicate 

Amount 

Amount 

Amount 

Amount 

Spiked 

Spiked 

Recovered 

Recovered 

Percent 

Conoound 

.{yq/PL} 

laqiLql, 

fuqymD 

ipg/ql 

Recoverv 

Aldrin 

0.50 

0.026 

0.50 

0.026 

100% 

4,4*  DDT 

0.50 

0.026 

0.77 

0.040 

150% 

Dieldrin 

0.50 

0.026 

0.35 

0.018 

70% 

Endrin 

0.50 

0.026 

0.54 

0.028 

110% 

Heptachlor 

0.50 

0.026 

0.55 

0.029 

110% 

Lindane  ('"-BHC) 

0.50 

0.026 

0.53 

0.028 

110% 

Surrogate : 

DBC 

•• 

* 

MW 

130% 

Date  Extracted: 

September  19,  1990,  and 

October  23, 

1990 

Date  Analyzed: 

October 

22,  1990  through  October  26 

,  1990 

Laboratory  No. 

4410  90-7363 

SIR/PAH  Matrix  Spike/Matrix  Spike  Duplicate  Recovery 
Client. . .BATTELLE  NW 

Lab  Name:  Twin  City  Testing  Invoice  No.:  4410  90-7363 

Matrix  Spiked  -  Client  Sample  No.:  MSL-209-1 


COMPOUND 

SPIKE 

ADDED 

(ng/gram) 

SAMPLE 

CONC. 

(ng/gram) 

MS 

CONC. 

(ng/gram) 

MS 

\ 

REC  I 

QC 

LIMITS 

REC. 

Naphthalene 

34 

3.8 

36 

93 

50-150 

Fluorene 

34 

1.7 

33 

90 

50-150 

Anthracene 

34 

4.7 

35 

87 

50-150 

Fluoranthene 

34 

44 

61 

48  « 

50-150 

Benz  f  a 1 anthracene 

34 

29 

54 

74 

50-150 

Benzo  r  a ] pyrene 

34 

68 

88 

59 

50-150 

Benzo  r  ahi 1 pery lene 

34 

70 

122 

151  * 

50-150 

COMPOUND 

SPIKE 

ADDED 

(ng/gram) 

MSD 

CONC. 

(ng/gram) 

MSD 

% 

REC  f 

% 

RPD  i 

QC  1 
RPD 

jIMITS 

REC. 

Naphthalene 

34 

37 

97 

5 

50 

50-150 

Fluorene 

34 

35 

97 

7 

50 

50-150 

Anthracene 

34 

38 

99 

13 

50 

50-150 

Fluoranthene 

34 

69 

74 

42 

50 

50-150 

Benz  fa) anthracene 

34 

60 

90 

50 

50-150 

Benzo  r  a 1 pyrene 

34 

91 

67 

50 

50-150 

Benzo  r  ahi 1 pery lene 

34 

78 

24  * 

50 

50-150 

I  Column  to  be  used  to  flag  recovery  and  RPD  values  with  an  asterisk 


*  Values  outside  of  QC  limits 


RPD:  /  out  of  7  outside  limits 

Spike  Recovery:  3  out  of  outside  limits 

Technical 

COMMENTS: 


APPENDIX  A. 


Sediaent  Physical  Characterization 
Oakland  Inner 

KEY 


BORING  NO.  SAMPLE  NO 


Oakland  Inner  Sediment  >  Oakland 


Inner 


LL  -  Liquid  Liizit 
PL  -  Plastic  Limit 
PI  -  Plasticity  Index 
GS  -  Specific  Gravity 
NAT  W.  %  -  %  Water 


OVERBURDEN  PRESSURE.  TSF 


PRECONSOL.  PRESSURE.  TSF 


COMPRESSION  INDEX 


TYPE  SPECIMEN 


DIA.  IN  2.50 


CLASSIFICATION  CLAVE' 


KT.  IN  1.500 


CLAYEY  SA'in  (SC).  GRAY 


LL  27 

PL 

16 

PI  1 1 

GS  2.74 

Dio 

WATER  CONTENT.  % 


DRY  DENSriY.  PCF 


SATURATION.  % 


VOID  RATIO 


BACK  PRESSURE.  TSF 


PROJECT 


BEFORE  TEST 


40.6 


81.9 


100  + 


1.088 


AFTER  ' 


23.4 


104.9 


100  + 


.631 


REMARKS: 


BORING  NO.  OAKLAND 

sample  no.  inner 

DEPTH/ELEV  LE 

TECH.  JAL 

LABORATORY  USAE  WES  -  STT/GL 

DATE  21  MAY  91 

CONSOLIDATION  TEST  REPORT 

_ _ _  CONSOLIDATION  TEST  TIME  CURVES 

BORING  OAKLAND  SAMPLE  NO.  INNER 

- - -  LABORATORY  USAE  WES  -  STF/GL 

DEPTH/aEV  LE  DATE  21  MAY  91 

SHEET  7  OF  8 


APPENDIX  A. 


Sediaent  Physical  Characterization 
Oakland  Outer 

KEY 


SAMPLE  NO. 
Outer 

LL  -  Liquid  Limit 
PL  -  Plastic  Limit 
PZ  -  Plasticity  Index 
GS  -  Specific  Gravity 
NAT  W,  %  -  %  Hater 


BORING  NO. 

Oakland  Outer  Sediment  -  Oakland 


so  7D  too  140  200 


OVERBURDEN  PRESSURE.  TSF 


PRECONSOL.  PRESSURE.  TSF 


COMPRESSION  INDEX 


TYPE  SPECIMEN 


DIA.  IN  2.50 


CLASSIFICATION  CLAYT 


HT.  IN  1 .500 


CLAYEY  SAND  (SC),  GRAY 


WATER  CONTENT.  7. 


DRY  DENSITY.  PCF 


SATURATION,  7, 


VOID  RATIO 


BACK  PRESSURE.  TSF 


BEFORE  TEST 


60.8 


64.3 


100  -t- 


1.659 


AFTER  1 


34.4 


89.9 


100  - 


.904 


LL  44 


GS  2.74 


REMARKS: 


BORING  NO.  OAKLAND 


■>EPTH/ELEV  LE 


LABORATORY  USAE  WES  -  STF/GL 


CONSOLIDATION  TEST  REPORT 


SAMPLE 

NO. 

OUTER 

TECH. 

JAL 

DATE 

21 

MAY  91 

PROJEa  _ 

CONSOLIDATION  TEST  TIME  CURVES 

BOBINC  omm,  I  SAMPLE  KO.  OUIER  LABORATORY  USAE  WES  -  STF/GL 

DEPTH/ELEV  LE  DATE  2t  MAY  91  _ _ _ 

SHEET  4  OF  8 


_ _ CONSOLIDATION  TEST  TIME  CURVES 

BORING  OAKLAND  SAMPLE  NO.  OUTER 

- LABORATORY  USAE  WES  -  STF/GL 

OEPTH/aEV  LE  DATE  21  MAY  91 

SHEET  5  OF  8 


APPENDIX  B:  EFFLUENT  TEST 


KEY 


Sponsor  Code  Description 


Oakland  Inner  Sedintent  Elutriate 


OKINE-l-U 

Rep 

1, 

Unfiltered 

OKINE-2-U 

Rep 

2, 

Unfiltered 

OKINE-3-U 

Rep 

3, 

Unfiltered 

OKlNE-l-F 

Rep 

1, 

Filtered 

OKINE-2-F 

Rep 

2, 

Filtered 

OKINE-3-F 

Rep 

3. 

Filtered 

Oakland  Outer  Sediment  Elutriate 


OKOUE-l-U 

OKOUE-2-U 

OKOUE-3-U 


Rep  1,  Unfiltered 
Rep  2,  Unfiltered 
Rep  3,  Unfiltered 


OKOUE-l-F 

OKOUE-2-F 

OKOUE-2-F 


Rep  1,  Filtered 
Rep  2,  Filtered 
Rep  3 ,  Filtered 


OK-Sl-AU 

OK-Sl-BU 


QA/QC  Duplicate 
QA/QC  Duplicate 


B1 


WATER  METAL  DATA  (Concentrations  In  U6/L) 
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WATER  PAH  DATA  (Concentrations  in  ng/L) 
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WATER  METAL  DATA  (Concenirailons  hi  UQ/L) 
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APPENDIX  C:  SURFACE  RUNOFF  DATA 


Surface  Runoff  Test 

KEY 


Oakland  Outer  Wet  Sediment 


Oakland  Inner  Wet  Sediment 


Oakland  Outer  Dry  Sediment 


Oakland  Inner  Dry  Sediment 


Sponsor  Code 

OOW-l-METU 

OOW-l-METF 

OOW-2-METU 

OOW-2-METF 

OOW-2-METF2 

OOW-3-METU1 

OOW-3-METF1 

OOW-3-METU3 

OIW-l-METU 

OIW-l-METF 

OIW-2-METU 

OIW-2-METF 

OIW-3-METF2 

OIW-2-METU3 

OOD-l-MET-RO 

OOD-l-PAHU 

OLD-l-MET-RO 

OLD-l-PAHU 


Description 

Rep  1,  Metals, 
Rep  1,  Metals, 

Rep  2,  Metals, 
Rep  2 ,  Metals , 

Rep  2,  Metals, 
Duplicate 

Rep  3 ,  Metals , 
Rep  3,  Metals, 

Rep  3,  Metals, 
Method  Blank 


Rep  1 ,  Metals , 
Rep  1,  Metals, 

Rep  2,  Metals, 
Rep  2 ,  Metals , 

Rep  3 ,  Metals , 
Duplicate 

Rep  2 ,  Metals , 
Method  Blank 


Rep  1 ,  Metals , 
Purified  Water 

Rep  1,  PAHS 

Rep  1 ,  Metals , 
Purified  Water 

Rep  1,  PAHs 


Unfiltered 
Filtered 

Unfiltered 
Filtered 

Unfiltered, 

Unfiltered 
Filtered 

Unfiltered, 

Unfiltered 
Filtered 

Unfiltered 
Filtered 

Unfiltered, 
Unfiltered, 

Reverse  Osmosis 

Unfiltered 

Reverse  Osmosis 


Unfiltered 


Cl 


SAMPLE  LABEL  KEY 


First  Letter:  0  =  Oakland  Project 
Second  Letter:  I  =  Inner*,  0  =  Outer 

Third  Letter:  W  =  wet,  unoxidized  sediment,  D  -  dry,  oxidized  sediment 

First  Number  =  replicate  number 

MET  =  sample  analyzed  for  heavy  metals 

TBT  =  sample  analyzed  for  organo  tins 

PAH  =  sample  analyzed  for  PAHs  and  organo  tins 

U  or  F  =  unfiltered  or  filtered  sample,  RO  =  rain  water  sample  for  dry 
oxidized  tests 

Second  Number:  1  and  2  =  duplicates  of  each  other,  3  =  rain  water  sample  for 
wet,  unoxidized  tests 

Example:  0IW-3-METU2 

Oakland  project 
Inner  sediment 
Wet,  unoxidized  sediment 
RepI icate  3 

Sample  analyzed  for  heavy  metals 
Unf i I tered  sample 
Duplicate  number  2 

«  I  was  transcribed  by  the  analytical  laboratory  as  an  L  for  samples  from  the 
dry,  oxidized  sediment 


WATER  DATA  (CF#206)  6/6/91 

Project:  OAKLAND  INNER«XITER 

Sponsor:  SKOGERBOE 


p 

P 

A«. 

p 

p 

p 

o 

O 

Al 

p 

o 

p 

p 

o 

® 

p 

® 

•- 

CM 

b 

b 

«A 

® 

b 

b 

b 

CM 

b 

b 

® 

b 

b 

b 

b 

® 

N. 

® 

Al 

CM 

tn 

® 

® 

p 

® 

p 

o 

p 

p 

p 

Am- 

p 

O 

K 

tA 

b 

oi 

b 

o 

b 

oi 

oi 

»- 

b 

b 

b 

b 

b 

p 

® 

p 

® 

® 

« 

CM 

p 

p 

Am. 

« 

p 

A- 

p 

® 

CM 

b 

r> 

b 

® 

b 

b 

b 

b 

b 

b 

b 

CM 

b 

W 

b 

b 

b 

b 

® 

® 

m 

rt 

® 

® 

p 

p 

® 

p 

p 

® 

p 

p 

® 

A* 

p 

® 

o 

p 

p 

® 

p 

CM 

® 

K 

K 

CM 

«b 

CM 

CM 

b 

b 

lA 

CM 

b 

CM 

« 

CM 

CM 

O 

oi 

o 

O 

® 

o 

CM 

O 

Al 

CM 

CM 

® 

CM 

—  —  —  SS»-'»So«gooo?o2o022 
oooSSoSSoogooogoSo  o 
oooggpggoqgopogogpo 
oooooooooooooooiooo  o 


c>iadiAtf)<btf)o<n<oiOA<bokii>c>i<b 

C*)  CJ  ^  o  ®  ^ 

€M  ^  ^  M 


^  <0  «>  O  M 
o  in  tf)  iii  lA 
lA 


0fs.^ojO(D<o^4De<Dr>*r>«AM«> 

o  d  AJ  N.  oi  o  <b  «n»  Ai  o  o  Ai  «c>  Ai  <n  b 

<D  fSk  fm.  A)  c6  ® 


AI^AIWA>«^a>KAI<»A*®<VO>^  <WO«A>» 

biAOKobiAWbbiAb^^bbb  bbbbb 

*-  Al 


pA)lAAIO^O»COA)tO®a»®'^®A>  |s.lAv-pp 

OAibobbAibbbbbbbAiW  N^bbbb 

tA«»-^  ^AIAIO'^  AlWCOeOCO 


A«OIAA)AJAI®®(AOC4®^®®«A  (0®C0®^ 

bbbbbbbbbbbbbbbb  bbbbb 


3U.S 


£2 

3  3  U. 


^^iiyuiujuiuiiij 

52222522 

^’TTCTcocncSp) 

^OOOOOOO 


W  Al  ^  ^ 

ujuiujuiui^^^^^^ 

22222222222 

c;,<vw^^‘y*ys‘2^2 

11111888888 


CM  AJ  AJ 
U.  U.  IL  O 


UJ  Ui  tu 

2  2  2  3  > 

b  -o  ^  ^ 
i  i  3t  £  >  ® 

888^Jt 

A)  ^  C 

^TJ  " 

s-  S  o 

5  ^  c 

^  2  «B 
•-  CM  C»)  »  5  O 

•  ••  §<  g 

®  ®  ®  2  "o 

Al  CM  Al  ^  1»  s 
»  <D  <0  ^  X 
O  O  O  ^  .  < 
Al  Al  CM  •  •  Z 


X  O  «-  Al  ®  ^ 

X<o<p^4><A®<D 

^OOOOOOO 

7»AIAIAICMAICMCM 


v)cor^®®o^Ai®^® 

t,.^^^^AICMCMCMAIAI 

ooooooooooo 

CMCMCMAIAICMCMCMAICMCM 


Page  1 


cc 

ui 

H 

< 

5 

S 

CM 


o> 

<0 

<0 


<0 

o 


< 

o 


o 

0) 


o 

2  a 

a.  (A 


p  CO  o 

lA  U>  CD 
<D  <0  <0 


CM  p 
o  CD  0» 


P  *7 

lA  (b  n 

CM  CM  CM 


<»)  p  p 

(3»  W  oi 

^  lO  ^ 


<  <  ^ 


z  z 


CM  cn  ^ 
CM  CM  CM 


p  p  p 

CD  <b  CD 


CO  o»  o 
6  CD  b 
CM  CM  CM 


%n  p 

lO  CP 


o> 

t 


0  9  0 
f9  CO  CD 


< 

s 

IS 

< 

s  ^  ^  v 

UI  «  P)  ® 

5r  ^  ~ 

u  (o  <o  t: 

Z  ^  ^  CO 


UI 

a 


UJ 

a 
o 
oc 
< 

Q  ^  £ 
Z  CO  CO 
<  ^  ^ 
h»  <0  CD 
CD  ^  ^ 


ll 
>  ® 
O  CO 
iU 

FI 

UJ  o 

o  z 


CD  o  cn  ^ 
O)  b  9  ^ 

T-  ^  9 


p  p  P  ^ 
CM  b  CO  *- 


CD  O  p  ^ 

9  0®^ 
®  ®  9 


®  O  ^  ^ 

CM  b  CO  CM 

ID  ®  O 


p  O  ^  ^ 

oo®^  bb»^5 

^  ^  ®  (A  ^  9 


®  o  ®  ^ 

CD  ^ 


®  p  CM  ^ 

^  b  <0  ® 


< 

Z 


p  p  p  ^ 
®  b  (A  ^ 

V  ^  9 


®  O  ®  ^ 
^  b  CM  ® 

«-  «-  o 


®  o  cv  ^ 

®2::S 


®  O  P  ^ 
^09® 
®  ®  ^ 


< 

Z 


p  o  ® 

lA  b  b 
®  ® 


®  o  ®  ^ 

^  b  W  ® 
®  ®  o 


®  o  j? 

b  b  CM  5 
®  ®  o 


®  o  p  ^ 
b  b  ^  o 
<0  ^ 


®  p  ®  ^ 
^  w  b  b  oi  ® 

^  ®  ®  ®  o 


^  o  ® 

9  P  9 
o  CM  CM  ® 


^  O  O 

r  9  9  ® 

o  ®  ®  o 

CM  CM  ^ 


CM 

u. 


2 

8 


iS  -b  ti  1 1 

^  S  5  8  8 

■S-  o.  ®  5 

a>  00  00 


CM 

U. 

H 

UJ 

2 

c^ 


>» 
o  o 


a. 

0) 


■^  ^  >  > 
®  ®  o  P 

J£  ^  O  O 
'S  'X  m  CD 


X 

£ 


S.  '5.  ®  ® 
u>  <0  c:  CC 


®  c  c  c  5 

f  g  g  8 
(S  E  E  o 
in  <  <  a. 


Sees: 

a.  3  3  b 
c  o  o  O 
n  E  E  o 
CO  <  <  a. 


Page  2 


< 

5 

8 

<M 


iO 

O 

<v 


< 

O 


«  8 


CE  ^  - 

tl!  ®  C 


£  Z 

S^r" 

I  5^ 

S  8& 

sS  c  a 


o» 

c 


c: 

o 

« 

c 


o 

o 


<  £  a 

$  0.  </) 


i/> 

(/) 

UJ 

cc 


=J 

CD 

OC 

LU 

$ 


OOOO<O'«Oa>M>OO<M<0U>l^^<B> 

wcot'.n^^^io'eiiT'Oiow  ciiinSo 
v*"  u  wwo 
<o  * 


OOO^OOOOOOO^OCDO^^^^ 

«o»-i/‘0^<o«o»-i^<J>»^«)Mciic>io>«b5“’ 

<-  in  <M 


<0  <D  Cl  CM 


CM 


C  1 
O  1 

o. 
to  < 


ll 

(0  o 


'«  R  ^  z  ?F  ^ 


at 

Id 


tit 

f>>  9  CO  I 


tf)  r>  Z  ^ 


CO 

o 

V 


CD 

ftO 


lA  $ 

(O  o 


oooo^ooooooo^wco^cvi^co 


CD 

CD 


lA  CD 
CD  *“ 


<0 


<0 


CO  *- 


<VI 


l^*^•CA^A<N.CA^D>®^»-•^a>«D^<»<^*: 

^VVVVVVVy  V 


V  V  V  V  V  V 


N. 

6 

V 


®  s 

0>  w 
CO  ^ 


o  o  u  o 

0099 

o  CO  o  ® 


OOCJUOPCJOOOOU  o 

000000000000  9 

CD®®®ab®oooo®o  ® 


Q 

o 


o 


*7*T^ScAmXlCMCM<MCSI*  O 


CO 

® 

cx 

E 

cO 

CO 


9 

'% 

Td 

s 

o 

c 

iS 

<0 

T> 


< 

z 


Cl 

» 

c» 

«Q 

CL 


NS  Indicates  not  spiked  with  surrogate 


OAKUND  INNER  (SKCXSERBOE)  (CF#331) 

WATER  METAL  RESULTS 

(concentrations  in  ug/L  (ppb)) _ 
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331TBT.0ATA 


(CF  #331)  7/19/91 

OAKLAND  INNER  (SKOGERBOE) 

ORGANOTIN  ANALYSIS 
OF  WATER  SAMPLES 


(concentrations  in  nq/L) 


MSL  Code 

Sponsor  Code 

Tripentyl 
%  Surrogate 

Tetra 

Tin 

Tributyl 

Tin 

Dibutyl 

Tin 

Monobutyl 

Tin 

331-1-R 

OLD-1-PAHU 

96.02 

4.6  B 

16.7  B 

29.6  B 

29.6  B 

331-2 

OLD-1 -PAHF 

72.06 

2.3  B 

11.6  B 

9.7  B 

3.6  B 

331-6 

OLD-2-PAHU 

100.68 

2.9  B 

11.9  B 

4.1  B 

6.6  B 

331-7 

OLD-2-PAHF 

91.94 

2.6  B 

13.8  B 

3.5  B 

26.5  B 

331-11 

OLD-3-PAHU 

86.50 

1.6  B 

28.3  B 

33.0  B 

16.5  B 

331-12 

OLD-3-PAHU  OUP 

89.38 

2.8  B 

23.0  B 

19.3  B 

4.1  B 

331-13 

OLD-3-PAHF 

75.13 

2.5  B 

13.3  B 

2.7  B 

4.8  B 

331-14 

OLD-3-PAHF  DUP 

65.71 

2.9  B 

13.2  B 

3.9  B 

4.0  B 

331  -17 

OLD-3-RO 

66.48 

2.1  B 

13.2  B 

22.4  B 

11.1  B 

METHOD  BLANK  RESULTS 

331 -BLANK 

65.71 

2.3 

15.7 

5.6 

4.0 

BLANK  AND  MATRIX  SPIKE  RECOVERIES 

331  BLANK  SPIKE 

65.28 

74.1 

106.3 

86.9 

41.1 

%  Recovery 

35.9% 

45.3% 

40.6% 

18.6% 

U  indicates  analyte  not  detected  at  detection  limit  shown 
B  indicates  analyte  detected  in  method  blank  associated  with  that  sample 
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(CF  #331)  8/24/91 

OmAm  INNER  (SKOGERBOE) 

PAH  CONCENTRATIONS 
IN  WATER  SAMPLES 

(concentrations  In  ug/L) _ _ 
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(CF  #331)  8/24/91 

OAKLAND  INNER  (SKOGERBOE) 

PAH  CONCENTRATIONS 
IN  WATER  SAMPLES 

(concentrations  in  iig/L) 
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338181.  DATA 


7/22/91 

WES  OAKLAND  OUTER  (SKOGERBOE)  CF  #338)) 

ORGANOTIN  ANALYSIS 
OF  WATER  SAMPLES 


1 00 _ (concentrations  in  ng/L) 


MSL  Code 

Sponsor  Code 

Tripentyl 
%  Surrogate 

Tetra 

Tin 

T  ributyl 

Tin 

Dibutyt 

Tin 

Monobutyl 

Tin 

338-1 

OOD-1-PAHU 

101% 

2.5  U 

2.8  U 

15.3 

13.2 

338-2 

OOD-1-PAHF 

143% 

2.8  U 

3.2  U 

2.8  U 

8.7 

338-3 

OOD-1-RO 

92% 

2.4  U 

2.8  U 

12.8 

11.8 

338-4 

OOD-2-PAHU 

101% 

2.3  U 

3.0 

12.6 

12.0 

338-5 

OOD-2-RO 

91% 

2.9  U 

3.3  U 

4.8 

6.7 

338-6 

OOD-3-PAHU-1 

93% 

1.8  U 

2.2 

11.4 

21.7 

338-7 

OOD-3-PAHU-2 

1 00% 

3.4  U 

3.9  U 

9.7 

13.1 

338-8 

OOD-3-PAHF-1 

109% 

3.3  U 

3.8  U 

3.3  U 

3.0  U 

338-9 

OOD-3-PAHF-2 

95% 

3.1  U 

3.5  U 

6.1 

2.6  U 

338-10 

OOD-3-RO 

147% 

2.2  U 

2.6  U 

15.2 

N/A 

METHOD  BLANK  RESULTS 

338-BLANK-1 

160% 

2.8  U 

3.2  U 

2.8  U 

6.9 

338-BLANK-2 

85% 

1.9  U 

2.2  U 

7.2 

10.8 

BLANK  AND  MATRIX  SPIKE  RESULTS 

91% 

47.7 

22% 

122.4 

60% 

130.6 

64% 

63.1 

27% 

85% 

100.5 

49% 

101.8 

50% 

118.2 

53% 

106.4 

47% 

U  indicates  analyte  not  detected  at  detection  limit  shown 
N/A  indicates  matrix  interlerene  precluded  quantitation 
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|CF  #338)  7/24/91 

OAKLAND  OUTER  (SKOGER0OE) 

PAH  CONCENTRATIONS 
IN  WATER  SAMPLES 
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APPENDIX  D:  LEACHATE  TEST 


Leachate  Test 


KEY 

Sediment  :  01  -  Oakland  Inner 

00  -  Oakland  Outer 

Condition  :  AN  -  Anaerobic 
A  -  Aerobic 

Type  :  S  -  Sequential  Extract 

K  -  Kinetic  Extract 

Day  D  -  1  through  10.  Day  1  through  Day  10 

Parameter  :  MET  -  Metals 

PAH  -  Petroleum  aromatic  hydrocarbons 
TBT  -  Butyltins 
PEST  -  Pesticides 

Preparation  :  F  -  Filtered 

U  -  Unfiltered 

Examples ; 


OIANS-TBT-Dl-1  :  Oakland  Inner,  Anaerobic,  Sequential,  TBTs,  Day  1,  Rep  1 
OOANK-TBT-Dl-1  :  Oakland  Outer,  Anaerobic,  Kinetic,  TBTs,  Day  1,  Rep  1, 
0IAS-M>D1#1  :  Oakland  Inner,  Aerobic,  Sequential,  Metals,  Day  1,  Rep  1. 
Dl-OOAS-#l  PAH:  Oakland  Outer,  Aerobic,  Sequential,  PAHs,  Day  1,  Rep  1. 
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WATER  DATA  (CF#242)  3/4/91 

Projeci;  OAKL/UMD 

Sponsor:  BRANNON/PRICE 

WATER  BUTYLTIN  RESULTS 

(Conceniratlons  in  ng/L;  pptr) 
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(1)  Samples  ro-exiractod  due  to  low  initial  surrogate  recoveries.  Both  values  shown 

(2)  QC  batch  identifies  which  method  blank  is  associated  with  a  particular  sample  (see  Quality  Control  Data) 
U  indicates  no  analyte  detected  above  detection  limit  shown 

E  indicates  vatue  is  suspect.  Contamination  ol  sample  is  likely  based  on  the  results  of  the  method  blank 
associated  with  these  samples  (blank-2,  see  quality  control  data) 


BUTYLTIN  QUALITY  CONTROL  DATA 


242-42  Matrix  Spit  Amount  Recovered;  63.1  167.0  190.1 

(OIANK-TBT.D2-1)  Percent  Recovery;  26%  66%  77% 


WATER  PAH  DATA  (Concentrations  In  ng/L) 
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MATRIX  SPIKE  RESULTS  (Concentrations  In  ug/L) 
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Values  outside  of  OC  limits  (50-150%). 


OAKLAND  INNER  (BRANNON)  (CF#337) 

WATER  METAL  RESULTS 

(concentrations  in  ug/L  (ppb)) _ 

Sample  Sponsor  Cr 
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OAKLAND  INNER  (BRANNON)  (CF#337) 

WATER  METAL  RESULTS 
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WES  OAKLAND  INNER  (BRANNON)  (CF  #337) 

ORGANOTIN  ANALYSIS 
OF  WATER  SAMPLES 


(concentrations  in  ng/L) 


MSL  Code 

Sponsor  Code 

Tripentyl 
%  Surrogate 

Tetra 

Tin 

Tributyl 

Tin 

Dibutyl 

Tin 

Monobutyl 

Tin 

337-1 

OIAS-TBT-D1-1 

100.95 

3.9  U 

6.0 

21.4  B 

12.0  B 

337-2 

OIAS-TBT-D1-2 

99.15 

3.5  U 

4.4 

18.1  B 

9.7  B 

337-3 

OIAS-TBT-Dl-3 

99.83 

2.2  U 

10.7 

49.3  B 

13.0  B 

337-4 

OIAS-TBT-D2-1 

94.71 

2.2  U 

6.7 

16.0  B 

13.7  B 

337-5 

OIAS-TBT-D2-2 

88.08 

2.0  U 

2.3 

14.5  B 

9.8  B 

337-6 

OIAS-TBT-D2-3 

75.80 

1.8  U 

5.9 

10.9  B 

13.2  B 

337-7 

OIAS-TBT-D3-1 

81.36 

2.5  U 

13.1 

16.2  B 

14.7  B 

337-8 

OIAS-TBT-D3-2 

109.51 

2.7  U 

33.6 

40.1  B 

16.1  B 

337-9 

OIAS-TBT-D3-3 

104.96 

1.9  U 

5.4 

8.5  B 

6.1  B 

337-10 

OIAS-TBT-D4-1 

99.83 

2.4  U 

4.3 

9.3  B 

5.7  B 

337-1 1 

OIAS-TBT-D4-2 

87.87 

3.2  U 

3.7 

11.4  B 

12.2  B 

337-12 

OIAS-TBT-D4-3 

85.98 

2.7  U 

2.9  U 

7.7  B 

9.1  B 

337-13 

CIAS-TBT-D5-1 

76.06 

1.8  U 

3.8 

14.2  B 

20.5  B 

337-14 

01AS-TBT-D5-2 

86.95 

2.0  U 

6.0 

13.6  B 

11.2  B 

337-15 

OIAS-TBT-D5-3 

91.18 

3.1  U 

3.4  U 

8.4  B 

6.1  B 

337-16 

OIAS-TBT-D6-1 

85.05 

2.0  U 

6.0 

11.4  B 

7.8  B 

337-17 

OIAS-TBT-D6-2 

60.60 

2.3  U 

2.6  U 

5.7  B 

5.9  B 

337-18 

OIAS-TBT-D6-3 

92.60 

2.5  U 

2.8  U 

4.2  B 

4.9  B 

337-19 

0IAS-TBT-H20  BLK 

71.61 

2.6  U 

2.8  U 

4.2  B 

4.9  B 

337-20 

OOAS-TBT-DI-I 

90.98 

2.5  U 

43.0 

32.5  B 

16.8  B 

337-21 

OOAS-TBT-D1-2 

101.50 

2.7  U 

50.7 

30.2  B 

34.8  B 

337-22 

OOAS-TBT.D1-3 

98.17 

2.2  U 

58.6 

31.8  B 

17.3  B 

337-23 

OOAS-TBT-D2-1 

105.69 

2.2  U 

37.3 

28.1  B 

13.7  B 

337-24 

OOAS-TBT-D2-2 

96.26 

2.2  U 

41.5 

29.3  B 

17.6  B 

337-25 

OOAS-TBT-D2-3 

103.24 

2.7  U 

49.7 

33.8  B 

35.6  B 

337-26 

OOAS-TBT-D3-1 

93.72 

2.6  U 

36.8 

17.9  B 

19.6  B 

337-27 

OOAS-TBT-D3-2 

93.23 

2.7  U 

17.7 

13.7  B 

12.2  B 

337-28 

OOAS-TBT-D3-3 

92.08 

2.0  U 

28.3 

32.4  B 

20.9  B 

337-29 

OOAS-TBT-D4-1 

84.89 

2.6  U 

23.5 

12.7  B 

8.0  B 

337-30 

OOAS-TBT-D4-2 

91.60 

2.0  U 

13.5 

11.7  B 

12.8  B 

337-31 

OOAS-TBT-D4-3 

90.42 

2.4  U 

10.1 

11.0  B 

4.9  B 

337-32 

OOAS-TBT-D5-1 

77.85 

2.8  U 

13.3 

8.5  B 

14.4  B 

337-33 

OOAS-TBT-D5-2 

73.01 

2.5  U 

13.7 

11.0  B 

4.9  B 

337-34 

OOAS-TBT-D5-3 

77.52 

2.6  U 

9.9 

23.4  B 

23.8  B 

337-35 

OOAS-TBT-D6-1 

74.05 

2.9  U 

20.2 

10.6  B 

17.9  B 

337-36 

OOAS-TBT-D6-2 

92.87 

2.3  U 

8.4 

11.3  B 

16.2  B 

337-37 

OOAS-TBT-D6-3 

88.70 

2.5  U 

9.6 

9.6  B 

15.6  B 

337-38 

00AS-TBT-H20  BLK 

79.25 

3.0  U 

3.5  U 

3.1  U 

4.7  B 

B  »  Indicated  analyte  detected  in  method  blank  associated  with  the  sample.  Data  is  not  blank  correaed. 
U  »  Indicates  analyte  not  detected  above  detection  limits. 
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337tbt.data 


9/4/91 

WES  OAKLAND  INNER  (BRANNON)  (CF  #337) 

ORGANOTIN  ANALYSIS 
OF  WATER  SAMPLES 


(concantfations  in  ng/L) 


MSL  Code  Sponsor  Code 

Tripentyl 
%  Surrogate 

Tetra 

Tin 

Tributyl 

Tin 

Dibutyl 

Tin 

Monobutyl 

Tin 

METHOD  BLANK  RESULTS 

337-BLANK-1 

100.95 

2.6  U 

2.9  U 

4.6 

4.2 

337-BLANK-2 

65.66 

2.7  U 

3  U 

4.3 

12.1 

337-BLANK-3 

86.33 

2.5  U 

2.9  U 

3.1 

6.7 

337-BLANK-4 

90.46 

3  U 

3.5  U 

3.1  U 

4  7 

BLANK  AND  MATRIX  SPIKE  RECOVERIES 

337-1-SPIKE 

102.44 

98.2 

152.6 

157.9 

91.8 

%  Recovery 

47.15% 

73.30% 

66.25% 

39.90% 

337-14-SPIKE 

89.15 

36.1 

101.9 

160.4 

83.2 

%  Recovery 

17.05% 

47.95% 

73.40% 

36.00% 

337-27  SPIKE 

92.13 

82.6 

207.1 

240.5 

125.9 

%  Recovery 

23.99% 

56.88% 

68.11% 

34,14% 

337-36-SPIKE 

87.99 

66.3 

142.2 

169.1 

96.7 

%  Recovery 

32.0% 

66.9% 

8.9% 

40.25% 
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PAH  WATER  CONCENTRATIONS 

(concentrations  in  ng/L,  ppb) 
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-  Not  detected,  replaced  with  MDL. 

-  Surrogate  Recovery  out  of  Range. 


PAH  WATER  CONCENTRATIONS 

(concentrations  in  ng/L,  ppb) 
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PAH  WATER  CONCENTRATIONS 

(concentrations  in  ng/L,  ppb) 
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-  Value  below  MDL. 

-  Not  detected,  replaced  with  MOL. 
•  Surrogate  Recovery  out  of  Range. 


PAH  WATER  CONCENTRATIONS  (continued) 

(concentrations  in  ng/L,  ppb) 
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■  Value  below  MDL. 

-  Not  detected,  replaced  with  MOL. 

-  Surrogate  Recovery  out  of  Range. 


PAH  WATER  CONCENTRATIONS  (continued) 

(concentrations  in  ng/L,  ppb) 
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-  Value  below  MOL. 

-  Not  detected,  replaced  with  MDL. 

-  Surrogate  Recovery  out  of  Range. 


PAH  WATER  BLANK  SPIKE  RESUIS 


(CF«  310  and  337) 


Sample  ID: 

AnaWte 

naphthalene 

acenaphthylene 

acenaphthene 

fluorene 

phenanthrene 

anthracene 

fluorarrthene 

pyrene 

benz{a]anthracane 

chrysene 

bertzo[b]fluoranthene 

benzo[k]fluoranthene 

benzo[ajpyrene 

indeno[1 ,2,3-c,dlpyrene 

dibenz[a,h]anthracane 

benzo(g,h,i]perylene 

Surrogates 

naphthalene-dS  (%  Rec) 
acenaphthene-dlO  (%  Rec) 
benzo[a]pyrene-d12  (%  Rec) 

%RPD  -  [2*((X1-X2)/(XUX2))M00] 
i  •  Value  out  of  specified  criteria. 


Amounts  Recovered 


Amount  Spiked 
(ng/L) 

(ng/L) 

MS 

MSO 

248.25 

263.59 

261.84 

238.50 

245.75 

236.63 

257.25 

267.87 

265.07 

245.25 

265.74 

247.59 

248.25 

293.72 

261.13 

187.50 

211.45 

185.98 

246.75 

299.10 

244.93 

248.25 

316.86 

259.03 

213.00 

320.26 

241.73 

248.25 

409.87 

317.89 

246.75 

217.00 

202.05 

246.75 

250.08 

245.87 

223.50 

215.64 

211.73 

219.75 

188.95 

179.93 

187.50 

150.88 

141.90 

219.75 

193.02 

191.27 

250.50 

214.22 

229.55 

249.50 

212.33 

239.11 

250.00 

244.07 

260.96 

PERCENT  RECOVERIES 

MS  MSD  %RPO 


106%  105% 

103%  99% 

104%  103% 

108%  101% 

118%  105% 

113%  99% 

121%  99% 

128%  104% 

150%  &  113% 

165%  128% 

88%  82% 

101%  100% 

96%  95% 

86%  82% 

80%  76% 

88%  87% 


86% 

92% 

7% 

85% 

96% 

12% 

98% 

104% 

7% 
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PAH  WATER  BLANK  SPIKE  RESULS 


(CF«  310  and  337) 


Sample  ID: 

-AnfllKtt 

naphthalene 

acenaphthylene 

acenaphthene 

fluorene 

phenanthrene 

anthracene 

fluoranthene 

pyrene 

benz[a]anthracane 

chrysene 

ben7o[b]riuoranthene 

benzo[k]tluoranthene 

benzo[a]pyrene 

indeno[t  ,2,3-c,d]pyrene 

dibenz{a,h]anthracene 

benzo(g,h.i]perylene 

Surrogates 

naphthalene-d8  (%  Rec) 
acenaphthene-dtO  (%  Rec) 
benzo[a]pyrene-d12  (%  Rec) 

%RPD  .  (2‘{(X1-X2)/(X1+X2))*100] 

&  •  RPD  outside  acceptance  criteria 


Amounts  Recovered 


(ng/L) 

PERCENT  RECOVERIES 

Amount  Spiked 

(ng/L) 

MS  MSD 

MS  MSD 

%RPD 

246.25 

269.60 

266.51 

109% 

107% 

236.50 

248.43 

226.51 

104% 

95% 

257.25 

281.69 

279.51 

110% 

109% 

245.25 

265.08 

257.02 

108% 

105% 

246.25 

258.04 

258.35 

104% 

104% 

167.50 

190.83 

181.68 

102% 

97% 

246.75 

238.75 

236.09 

97% 

96% 

246.25 

245.01 

245.46 

99% 

99% 

213.00 

194.37 

201.62 

91% 

95% 

246.25 

238.01 

259.15 

96% 

104% 

246.75 

284.03 

269.97 

115% 

109% 

246.75 

270.97 

277.87 

110% 

113% 

223.50 

225.81 

232.62 

101% 

104% 

219.75 

188.28 

205.96 

66% 

94% 

187.50 

156.91 

167.37 

64% 

89% 

219.75 

184.92 

206.48 

84% 

94% 

250.50 

222.81 

153.08 

89% 

61% 

37% 

249.50 

228.50 

148.79 

92% 

60% 

42% 

250.00 

214.63 

131.24 

86% 

52% 

48% 
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PAH  WATER  BLANK  SPIKE  RESU15 


(CF«  310  and  337) 


i^mpie  10: 

Analvf 

naphthalene 

acenaphthylene 

acenaphthene 

fluorene 

phenanthrena 

anthracene 

fluoranthene 

pyrene 

benz[a]anthracene 

chrysene 

benzo(b]fluoranthene 

benzo[k]fluoranthene 

benzo[a]pyrene 

indeno[1 ,2,3-c,d]pyrene 

dibenz[a.h]anthracene 

benzo{g,h,i]perylene 

Surrogates 

naphthalene-d8  (%  Rec) 
acenaphthene-dIO  (%  Rec) 
benzo[a]pyrene-d12  (%  Rec) 

%RPD  =  [2*{(X1-X2)/(XUX2))*100] 


Amounts  Recovered 

(ng/L)  PERCENT  RECOVERIES 


Amount  Spiked 
(ng/L) 

MS 

MSD 

MS 

MSO 

248.25 

275.19 

266.57 

111% 

107% 

238.50 

232.55 

205.15 

98% 

86% 

257.25 

281.03 

283.59 

109% 

110% 

245.25 

271.60 

265.68 

111% 

108% 

248.25 

273.81 

272.55 

110% 

110% 

187.50 

191.84 

175.11 

102% 

93% 

246.75 

241.32 

220.90 

98% 

90% 

248.25 

253.12 

234.07 

102% 

94% 

213.00 

186.30 

163.37 

87% 

77% 

248.25 

224.77 

236.49 

91% 

95% 

246.75 

254.87 

297.99 

103% 

121% 

246.75 

310.05 

285.57 

126% 

116% 

223.50 

247.87 

233.22 

111% 

104% 

219.75 

171.21 

176.82 

78% 

80% 

187.50 

147.61 

151.82 

79% 

81% 

219.75 

174.78 

186.97 

80% 

85% 

250.50 

213.66 

223.91 

87% 

89% 

249.50 

223.01 

214.59 

89% 

86% 

250.00 

220.49 

203.55 

88% 

81% 

%RPD 
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NS  -  Not  spiked. 

U  •  Analyte  below  detection  limits. 
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Table  D-1 


Outer  Oakland  Metals 
Colunn  3 


Pore  Vo lime 
Eluted 


PARAMETER  (ug/L) 


Ag  As  Cd  Cr  Cu  Hg  Ni  Pb  Zn 


0.16 

0.33 

0.51 

0.69 

0.87 

1.06 

1.23 

1.41 
1.60 
2.20 
2.54 
2.88 
3.26 
3.61 

3.98 

4.3 

4.64 

4.99 

5.3 

5.64 
6.02 
6.76 

7.42 


1.36 

0.94 

0.39 

0.29 

0.75 

0.91 

0.78 

1.24 

0.32 

0.26 

0.02 

0.04 

0.05 

0.06 

0.06 

0.06 

0.06 

0.03 

0.06 

0.05 

0.11 

0.01 

0.01 


0.87 

1.40 

57.87 

< 

0.01 

5.99 

< 

0.01 

25.94 

< 

0.01 

17.46 

< 

0.01 

14.97 

< 

0.01 

24.94 

< 

0.01 

22.95 

< 

0.01 

29.43 

0.03 

31.43 

< 

0.01 

33.5 

0.03 

43.3 

0.06 

35.5 

0.11 

49.5 

0.38 

47.2 

0.80 

43.6 

0.25 

39.9 

0.55 

29.9 

0.36 

28.5 

0.26 

25.7 

0.12 

35.4 

0.45 

30.0 

0.25 

19.6 

0.33 

123 

< 

0.1 

119 

< 

0.1 

75.6 

< 

0.1 

74.1 

< 

0.1 

53.7 

< 

0.1 

42.9 

< 

0.1 

43.2 

< 

0.1 

36.8 

< 

0.1 

79.6 

0.63 

25.6 

< 

0.1 

14.6 

2.3 

20.8 

4.6 

19.3 

4.1 

27.7 

11.4 

31.8 

15.4 

43.7 

16.9 

62.0 

43.5 

29.7 

28.9 

65.5 

55.7 

20.5 

25.1 

47.1 

46.1 

8.2 

16.7 

14.4 

30.2 

0.063 

0.071 

0.065 

0.046 

0.033 

0.030 

0.046 

0.026 

0.015 

0.011 

0.001 

0.001 

0.001 

0.002 

0.030 

0.002 

0.003 

0.000 

0.002 

0.007 

0.002 

0.001 

0.001 


1255 

339 

179 

66.9 

22.0 

7.84 

1 

1 

29.2 
3.88 

4.2 
7.9 

8.2 

11.4 

22.7 

30.8 

48.8 
30.7 

57.5 

13.6 

40.5 

12.5 

11.3 


1.68 

1.39 

1.31 

1.72 

1.38 

0.74 

0.51 

0.68 

0.38 

0.36 

0.9 

1.3 

2.9 

6.1 

7.8 

15.8 

26.9 

13.9 
17.4 
16.8 

19.7 
8.5 

30.7 


176 

62.1 

60.4 

62.4 

38.4 
36.7 

36.3 

40.2 

26.4 

11.5 
3.8 
4.2 
9.1 

16.4 

24.6 

30.6 

59.2 
54.9 

69.5 

29.5 
52.0 

40.7 
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Table  D-2 


Outer  Oakland  Metals 
ColLiin  1 


PARAMETER  (ug/L) 


Pore  Volune 


Eluted 

Ag 

As 

Cd 

Cr 

Cu 

Hg 

Ni 

Pb 

Zn 

0.13 

0.90 

69.84 

0.47 

591 

<  0.1 

0.007 

1540 

3.81 

83.9 

0.36 

0.98 

62.61 

0.15 

155 

<  0.1 

0.067 

1115 

1.63 

33.2 

0.54 

0.06 

43.40 

< 

0.01 

49.1 

6.21 

0.073 

286 

0.78 

14.9 

0.74 

<  0.01 

45.40 

< 

0.01 

28.2 

0.94 

0.066 

49.7 

0.68 

<  5 

0.96 

0.03 

47.89 

0.15 

36.5 

2.74 

0.043 

24.4 

0.43 

53.8 

1.15 

0.05 

39.41 

< 

0.01 

52.9 

0.78 

0.046 

34.6 

0.25 

8.41 

1.37 

<  0.01 

43.40 

< 

0.01 

16.5 

1.47 

0.041 

8.41 

0.26 

5.74 

1.52 

0.24 

56.87 

0.02 

14.9 

3.60 

0.013 

9.62 

0.47 

6.63 

1.72 

0.03 

49.39 

0.07 

13.5 

2.63 

0.044 

14.9 

0.34 

10.7 

2.05 

0.03 

54.38 

0.08 

11.9 

1.71 

0.029 

17.8 

0.74 

<  5 

2.42 

0.05 

51.38 

0.01 

14.0 

4.38 

0.021 

29.0 

1.74 

<  5 

2.79 

0.06 

76.0 

0.22 

22.7 

9.0 

0.007 

24.5 

5.3 

11.2 

3.17 

0.06 

60.0 

0.70 

29.6 

18.1 

0.002 

21.9 

10.6 

20.7 

3.51 

0.11 

35.7 

0.43 

32.7 

28.8 

0.002 

22.3 

17.6 

46.5 

3.85 

0.06 

29.8 

0.59 

32.9 

39.2 

0.017 

24.6 

16.0 

35.3 

4.19 

0.06 

23.7 

0.32 

57.8 

56.5 

0.001 

47.6 

24.4 

80.4 

4.57 

0.11 

26.3 

0.38 

30.8 

37.4 

0.005 

28.3 

17.6 

49.5 

4.90 

0.05 

23.5 

0.13 

20.9 

24.3 

0.002 

18.4 

17.0 

34.0 

5.25 

0.00 

22.2 

0.29 

27.5 

40.1 

0.000 

36.4 

16.8 

65.4 

5.67 

0.03 

22.9 

0.28 

18.0 

25.0 

0.001 

19.3 

24.3 

49.5 

6.00 

0.08 

21.4 

0.17 

23.2 

31.4 

0.003 

24.7 

16.6 

35.5 

6.68 

0.03 

20.4 

0.21 

14.6 

27.9 

0.001 

14.1 

9.7 

21.9 

7.37 

0.06 

22.8 

0.30 

332.6 

49.5 

0.003 

198.9 

6.9 

26.6 

8.08 

0.10 

19.8 

0.13 

14.2 

21.5 

0.003 

8.6 

7.9 

9.4 

Table  D-3 


Outer  Oakland  Metals 
Coluin  2 


PARAMETER  (ug/L) 


Pore  Volume 


Eluted 

Ag 

As 

Cd 

Cr 

CU 

Hg 

Ni 

Pb 

Zn 

0.17 

0.29 

34.92 

1.17 

1350 

32.7 

0.089 

2200 

13.6 

1010 

0.35 

0.18 

<  0.87 

0.02 

329 

3.75 

0.069 

868 

0.83 

796 

0.54 

0.52 

7.48 

0.25 

237 

1.77 

0.068 

644 

0.72 

223 

0.71 

0.06 

22.45 

0.13 

158 

2.22 

0.052 

190 

1.23 

46.5 

0.90 

0.02 

27.44 

0.09 

102 

0.23 

0.063 

96.4 

1.03 

19.1 

1.07 

0.05 

24.94 

0.18 

111 

1.30 

0.053 

56.8 

1.86 

11.5 

1.27 

0.11 

20.45 

0.15 

70.1 

< 

0.1 

0.030 

33.0 

0.65 

7.08 

1.45 

0.01 

21.45 

0.08 

51.6 

< 

0.1 

0.023 

23.4 

0.85 

73.8 

1.64 

0.05 

5.49 

< 

0.01 

10.3 

< 

0.1 

0.029 

8.75 

0.05 

<  5 

1.85 

0.13 

4.49 

< 

0.01 

10.1 

< 

0.1 

0.015 

10.4 

0.05 

<  5 

2.08 

0.02 

10.98 

< 

0.01 

9.20 

< 

0.1 

0.016 

9.61 

0.09 

<  5 

2.27 

0.05 

20.45 

0.05 

41.9 

2.88 

0.019 

10.4 

0.72 

19.2 

2.45 

0.04 

22.45 

0.02 

57.8 

0.66 

0.026 

13.4 

0.49 

17.2 

2.63 

0.18 

31.93 

0.23 

82.1 

2.69 

0.042 

11.6 

0.41 

12.1 

2.98 

0.27 

28.93 

< 

0.01 

104 

< 

0.1 

0.031 

39.6 

1.55 

10.8 

3.32 

0.16 

82.5 

0.57 

92.5 

1.2 

0.003 

46.7 

2.0 

4.3 

3.65 

0.06 

56.5 

0.57 

24.4 

2.1 

0.002 

6.1 

1.4 

2.5 

4.04 

0.16 

62.0 

0.63 

18.2 

4.0 

0.001 

7.6 

2.2 

7.0 

4.41 

0.06 

47.6 

0.11 

14.2 

12.1 

0.002 

11.5 

5.6 

11.6 

4.79 

0.06 

52.0 

0.16 

20.4 

10.5 

0.023 

16.0 

6.8 

17.5 

5.12 

0.11 

67.5 

0.31 

32.1 

16.8 

0.001 

23.5 

10.3 

33.9 

5.79 

0.12 

63.3 

0.85 

31.9 

17.6 

0.001 

24.7 

11.7 

15.8 

6.46 

0.10 

54.7 

0.12 

30.2 

31.2 

0.004 

14.0 

6.4 

18.2 

7.11 

0.03 

33.5 

0.14 

15.3 

17.0 

0.001 

12.0 

10.1 

25.1 

Table  D-4 


(Xiter  Oakland  Organics 
Colum  7 


PORE  VOLUHE  ELUTED 


Parameter  (ng/L) 

0.71 

2.32 

3.71 

5.32 

9.35 

Naphthalene 

< 

7.3 

< 

7.3 

81.1 

35.0 

58.8 

Acenaphthylene 

< 

9.2 

< 

9.2 

< 

9.2 

<  9.2 

9.5 

Acenaphthene 

< 

5.9 

< 

5.9 

< 

5.9 

<  5.9 

<  5.9 

Ftuorene 

< 

6.9 

< 

6.9 

< 

6.9 

17.9 

25.3 

Phenanthrene 

< 

7.8 

< 

7.8 

< 

7.8 

48.0 

85.4 

Anthracene 

< 

11.5 

< 

11.5 

< 

11.5 

36.3 

54.4 

Fluoranthene 

< 

5.9 

< 

5.9 

42.5 

79.7 

150.5 

Pyrene 

< 

6.5 

< 

6.5 

164.6 

401.5 

622.2 

Chrysene 

< 

19.2 

< 

19.2 

< 

19.2 

58.3 

90.4 

BenzoCa ) Anth  racene 

< 

30.0 

< 

30.0 

< 

30.0 

45.5 

71.9 

Benzol b) F 1 uoranthene 

< 

14.7 

< 

14.7 

72.1 

178.3 

196.5 

Benzol k } F 1 uoranthene 

< 

13.3 

< 

13.3 

74.7 

91.7 

137.2 

Benzola)Pyrene 

< 

6.4 

< 

6.4 

< 

6.4 

122.8 

169.5 

IndenoU  ,2,3-C,D)Pyrene 

< 

20.7 

< 

20.7 

< 

20.7 

84.3 

142.7 

D i benzol A, H )Anthracene 

< 

21.6 

< 

21.6 

< 

21.6 

21.6 

<  21.6 

Benzol G . H , 1 )Pery 1 ene 

< 

20.0 

< 

20.0 

< 

20.0 

91.5 

137.4 

Table  D-5 


Outer  Oakland  Organics 
Colum  8 


PORE  VOLUME  ELUTED 


Parameter  (ng/L) 

0.84 

2.38 

4.04 

5.5 

9.34 

Naphthalene 

< 

7.3 

< 

7.4 

< 

39.3 

< 

7.3 

86.4 

Acenaphthylene 

< 

9.2 

< 

9.3 

< 

9.2 

< 

9.2 

10.9 

Acenaphthene 

< 

5.9 

< 

5.9 

< 

5.9 

< 

5.9 

22.8 

Fluorene 

< 

6.9 

< 

6.9 

< 

6.9 

< 

6.9 

36.7 

Phenanthrene 

< 

7.8 

< 

7.8 

45.3 

150.6 

124.9 

Anthracene 

< 

11.5 

< 

11.5 

52.1 

106.3 

83.2 

Fluoranthene 

13.6 

< 

5.9 

153.8 

266.2 

254.9 

Pyrene 

18.7 

< 

6.5 

483.5 

874.8 

838.9 

Chrysene 

< 

19.2 

< 

19.2 

53.9 

162.4 

138.5 

8enzo(a)Anthracene 

< 

30.0 

< 

30.0 

80.2 

149.6 

114.8 

Benzo(b) F 1 uoranthene 

< 

14.7 

< 

14.7 

166.7 

282.0 

323.6 

Benzol k ) F 1 uoranthene 

< 

13.3 

X 

13.3 

130.7 

308.4 

230.4 

Benzo(a)Pyrene 

< 

6.4 

X 

6.4 

141.7 

213.7 

271.7 

Indenoll ,2,3-C,0)Pyrene 

< 

20.7 

X 

20.7 

72.5 

122.1 

207.0 

Dibenzo(A,H)Anthracene 

< 

21.6 

X 

21.6 

< 

21.6 

< 

21.6 

22.5 

Benzo{G,H,I)Perylene 

< 

19.7 

X 

19.7 

100.8 

204.1 

218.8 

Table  D-9 


Inner  Oakland  Organics 
Coluon  17 


PORE  VOLUME  ELUTED 


Parameter  (ng/L) 

1.4 

3.7 

6.14 

8.64 

14.83 

HMaphthalene 

< 

7.3 

< 

7.3 

< 

7.3 

< 

7.3 

< 

7.3 

'-Acenaphthylene 

< 

9.2 

< 

9.2 

< 

9.2 

< 

9.2 

< 

9.2 

Acenaphthene 

< 

5.9 

< 

5.9 

< 

5.9 

102.8 

< 

5.9 

t^Fluorene 

< 

6.9 

< 

6.9 

< 

6.9 

6.9 

< 

6.9 

^Phenanthrene 

< 

7.8 

< 

7.8 

< 

7.8 

< 

7.8 

< 

7.8 

yAnthracene 

< 

11.5 

< 

11.5 

< 

11.5 

< 

11.5 

< 

11.5 

yf luoranthene 

< 

5.9 

19.7 

19.7 

21.8 

29.4 

'  ✓Pyrene 

< 

6.5 

33.1 

33.1 

56.5 

130.4 

‘^Chrysene 

< 

19.2 

< 

19.2 

< 

19.2 

< 

19.2 

< 

19.2 

^^en20(a)Anthracene 

< 

30.0 

< 

30.0 

< 

30.0 

< 

30.0 

< 

30.0 

Benzol b) F 1 uoranthene 

< 

14.7 

< 

14.7 

< 

14.7 

< 

14.7 

< 

14.7 

Benzol k ) F 1 uoranthene 

< 

13.3 

< 

13.3 

< 

13.3 

< 

13.3 

< 

13.3 

oBenzola)Pyrene 

< 

6.4 

< 

6.4 

< 

6.4 

< 

6.4 

< 

6.4 

ndenoU ,  2 , 3  -  C ,  D )  Py  rene 

< 

20,7 

< 

20.7 

< 

< 

20.7 

< 

20.7 

OibenzolA,H)Anthracene 

< 

21.6 

< 

21.6 

K 

21.6 

< 

21.6 

< 

21.6 

Benzol G,H, I JPerylene 

< 

20.0 

< 

20.0 

< 

20.0 

< 

20.0 

< 

20.0 

Table  D-10 


Inner  Oakland  Organics 
Colinn  18 


PORE  VOLUME  E LUTED 


Parameter  (ng/L) 

1.35 

3.81 

6.58 

9.00 

15.46 

Naphthalene 

< 

7.3 

< 

7.3 

< 

7.3 

< 

7.3 

J 

3.5 

Acenaphthylene 

< 

9.2 

< 

9.2 

< 

9.2 

< 

9.2 

< 

9.2 

Acenaphthene 

< 

5.9 

< 

5.9 

< 

5.9 

< 

5.9 

< 

5.9 

Fluorene 

< 

6.9 

< 

6.9 

< 

6.9 

< 

6.9 

< 

6.9 

Phenanthrene 

< 

7.8 

< 

7.8 

< 

7.8 

< 

7.8 

< 

7.8 

Anthracene 

< 

11.5 

< 

11.5 

< 

11.5 

< 

11.5 

< 

11.5 

Fluoranthene 

< 

5.9 

< 

5.9 

< 

5.9 

< 

5.9 

< 

5.9 

Pyrene 

< 

6.5 

< 

6.5 

19.6 

57.3 

38.6 

Chrysene 

< 

19.2 

< 

19.2 

< 

19.2 

< 

19.2 

< 

19.2 

Benzol a ) Anth  racene 

< 

30.0 

< 

30.0 

< 

30.0 

< 

30.0 

< 

30.0 

Benzo(b)Fluoranthene 

< 

14.7 

< 

14.7 

< 

14.7 

< 

14.7 

J 

7.5 

Benzol k ) Fluoranthene 

< 

13.3 

< 

13.3 

< 

13.3 

< 

13.3 

J 

4.2 

Benzola)Pyrene 

< 

6.4 

< 

6.4 

< 

6.4 

< 

6.4 

7.8 

lndenol1,2,3-C,D)Pyrene 

< 

20.7 

< 

20.7 

< 

20.7 

< 

20.7 

< 

20.7 

OibenzolA,H)Anthracene 

< 

21.6 

< 

21.6 

< 

21.6 

< 

21.6 

< 

21.6 

BenzolG, H, I )Pery lene 

< 

20.0 

< 

20.0 

< 

20.0 

< 

20.0 

< 

20.0 

Table  D-11 


Total  Organic  Carbon  Concentrations  (ing/L) 

In  Column  Leachates  From  Inner  Oakland  Sediment 


Column 

10 

Column 

11 

Column 

12 

PV  Eluted 

TOC 

PV  Eluted 

TOC 

PV  Eluted 

TOC 

0.28 

6.8 

0.35 

9.5 

0.28 

8.0 

0.59 

4.1 

0.65 

6.9 

0.60 

7.3 

0.89 

7.1 

1.19 

3.9 

0.90 

5.0 

1.70 

2.4 

1.55 

4.4 

1.21 

5.5 

1.99 

6.3 

1.84 

3.7 

1.61 

4.0 

2.27 

5.5 

2.14 

3.3 

1.90 

3.1 

2.87 

3.9 

2.67 

2.9 

2.69 

8.1 

3.55 

3.9 

3.34 

3.2 

3.28 

5.5 

4.22 

3.4 

3.86 

3.2 

3.85 

4.5 

4.89 

2.1 

4.59 

3.3 

4.42 

3.9 

5.53 

3.3 

5.09 

4.4 

5.00 

3.7 

6.23 

2.9 

5.92 

2.9 

5.81 

3.9 

6.84 

4.1 

6.52 

3.3 

6.35 

4.4 

7.48 

2.1 

7.04 

3.7 

6.91 

3.3 

8.30 

2.7 

7.67 

4.6 

7.59 

3.2 

9.07 

1.3 

8.24 

5.5 

8.33 

3.2 

9.70 

1.6 

8.78 

5.9 

8.90 

3.7 

10.56 

2.9 

9.48 

6.3 

9.47 

4.2 

11.31 

2.2 

10.07 

8.8 

10.15 

3.1 

11.95 

< 

1.0 

10.69 

1.1 

10.73 

3.9 

12.61 

1.5 

11.43 

18.0 

11.40 

3.7 

13.69 

2.5 

12.46 

5.0 

12.51 

3.6 

14.90 

1.0 

13.65 

<  1.0 

13.54 

3.8 

15 . 95 

1.8 

14.81 

<  1.0 

14.54 

2.9 

16.94 

< 

1.0 

15.85 

<  1.0 

15.58 

3.7 

18.10 

< 

1.0 

16.73 

4.9 

19.16 

< 

1.0 

17.70 

4.9 

20.18 

< 

1.0 

Table  D-12 


Total  Organic  Carbon  Concentrations  (mg/L) 

In  Column  Leachates  From  Outer  Oakland  Sediment 


Column 

1 

Column 

2 

Column 

3 

PV  Eluted 

TOC 

PV  Eluted 

TOC 

PV  Eluted 

TOC 

0.13 

148.5 

0.17 

431.9 

0.16 

444.1 

0.36 

77.0 

0.35 

279.1 

0.33 

284.1 

0.54 

36.4 

0.54 

246.7 

0.51 

195.6 

0.74 

17.7 

0.71 

135.8 

0.69 

145.7 

0.96 

11.8 

0.90 

104.5 

0.87 

103.6 

1.15 

10.7 

1.07 

87.4 

1-06 

65.1 

1.37 

10.1 

1.27 

63.4 

1.23 

51.3 

1.52 

11.0 

1.45 

40.8 

1.41 

43.9 

1.72 

13.7 

1.64 

10.9 

1.80 

29.2 

2.05 

18.5 

1.85 

8.9 

2.20 

17.9 

2.42 

23.5 

2.08 

9.1 

2.54 

3.0 

2.79 

15.7 

2.27 

24.3 

2.88 

4.1 

3.17 

18.8 

2.45 

34.3 

3.26 

3.7 

3.51 

4.0 

2.63 

44.8 

3.61 

5.7 

3.85 

3.1 

2.98 

30.4 

3.98 

4.7 

4.19 

<  1.0 

3.32 

6.8 

4.30 

6.2 

4.57 

<  1.0 

3.65 

6.1 

4.64 

3.9 

4.90 

<  1.0 

4.04 

4.4 

4.99 

<  1.0 

5.25 

<  1.0 

4.41 

7.5 

5.30 

<  1.0 

5.67 

<  1.0 

4.79 

9.5 

5.64 

<  1.0 

6.00 

2.3 

5.12 

22.3 

6.02 

<  1.0 

6.68 

8.7 

5.79 

17.6 

6.76 

<  1.0 

7.37 

1.6 

6.46 

8.3 

7.42 

4.3 

8.08 

4.2 

7.11 

9.8 

8.06 

2.9 

APPENDIX  E;  PLANT  TEST 


ABBREVIATIONS  USED  IN  TABLES  E1-E12 


PB  s  Plant  Bioassay 

WRS  or  vmsi  =  WES  Reference  Soil 
OHIl  or  OAKINN  =  Oakland  Inner 
OHOl  or  OAKOUT  =  Oakland  Outer 
WT  or  WTIS  »  Wetland  (15-ppt  salinity) 
WTO  -  Wetland  (0-ppt  salinity) 

AO  =  Air  Dried 

AOW  -  Air  Dried  and  Washed 

SA  »  Spartina  alterniflora 
SV  *  Sporobolus  virginicus 
CE  »  Cyperus  eaculentus 
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Sediment  pH,  EC,  %  Moisture  and  %  OM 
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Table  E3  (Concluded) 

(Received  October  1990) 
(Continued) 


SEDIMENT  DATA  (CF«209)  12/12/00 

Projeci;  CWKLAND  HARBOR 

Sponsor:  Richard  Price 
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SIR/PAH  Matrix  Spike/Matrix  Spike  Duplicate  Recovery 
Client. . .BATTELLE  NW 

Lab  Name:  Twin  City  Testing  Invoice  No.:  4410  90-7363 

Matrix  Spiked  -  Client  Sample  No.:  MSL-209-1 


COMPOUND 

SPIKE 

ADDED 

(ng/gram) 

SAMPLE 

CONC. 

(ng/gram) 

MS 

CONC. 

(ng/gram) 

MS 

% 

REC  # 

QC 

LIMITS 

REC. 

Naphthalene 

34 

3.8 

36 

93 

50-150 

Fluorene 

34 

1.7 

33 

90 

50-150 

Anthracene 

34 

4.7 

35 

87 

50-150 

Fluoranthene 

34 

44 

61 

48  * 

50-150 

Benz  r  a 1 anthracene 

34 

29 

54 

74 

50-150 

Benzo  r  a 1 pyrene 

34 

68 

88 

59 

50-150 

Benzo  f  ghi 1 perylene 

34 

70 

122 

151  * 

50-150 

COMPOUND 

SPIKE 

ADDED 

(ng/gram) 

MSD 

CONC. 

(ng/gram) 

MSD 

% 

REC  # 

% 

RPD  # 

QC 

RPD 

LilMITS 

REC. 

Naphthalene 

34 

37 

97 

5 

50 

50-150 

Fluorene 

34 

35 

97 

7 

50 

50-150 

Anthracene 

34 

38 

99 

13 

50 

50-150 

Fluoranthene 

34 

•  69 

74 

42 

50 

50-150 

Benz [a 1 anthracene 

34 

60 

90 

20 

50 

50-150 

Benzo [a] pyrene 

34 

91 

67 

13 

50 

50-150 

Benzo  t  ghi 1 perylene 

34 

78 

24  * 

144  * 

50 

50-150 

#  Column  to  be  used  to  flag  recovery  and  RPD  values  with  an  asterisk 


*  Values  outside  of  QC  limits 


RPD:  /  out  of  7  outside  limits 

Spike  Recovery:  3  out  of  outside  limits 
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SEDIMENT  PAH  QUALITY  CONTROL  DATA 
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SEDIMENT  BUTYLTIN  RESULTS 
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Table  E8 

Total  Fresh  and  Dry  Weight  Plant  Yields 


OBS 

SEDIMENT 

STATUS 

PLANT 

REP 

FRESH 

OVEN-DRY 

1 

WRSl 

WT15 

SA 

1 

44.959 

26.5264 

2 

WRSl 

WT15 

SA 

2 

53.758 

29.0179 

3 

VlRSl 

WT15 

SA 

3 

37.376 

19.4634 

4 

WRSl 

WT15 

SA 

4 

41.561 

20.9487 

5 

WRSl 

WTO 

SA 

1 

124.870 

50.6000 

6 

WRSl 

WTO 

SA 

2 

74.970 

32.8400 

7 

WRSl 

WTO 

SA 

3 

128.180 

55.7855 

8 

WRSl 

WTO 

SA 

4 

85.419 

38.8812 

9 

WRSl 

AD 

SA 

1 

44.531 

16.3819 

10 

WRSl 

AD 

SA 

2 

37.588 

17.2215 

11 

WRSl 

AD 

SA 

3 

40.560 

12.1695 

12 

WRSl 

AD 

SA 

4 

39.102 

8.1902 

13 

WRSl 

AD 

SV 

1 

40.679 

18.6443 

14 

WRSl 

AD 

SV 

2 

44.152 

19.5275 

15 

WRSl 

AD 

SV 

3 

33.303 

21.7392 

16 

WRSl 

AD 

SV 

4 

20.454 

20.6116 

17 

WRSl 

AD 

CE 

1 

93.840 

18.5709 

18 

WRSl 

AD 

CE 

2 

79.030 

15.6400 

19 

WRSl 

AD 

CE 

4 

69.520 

13.7580 

20 

OHIl 

WT 

SA 

1 

6.225 

3.6958 

21 

OHIl 

WT 

SA 

3 

0.926 

0.5498 

22 

OHIl 

WT 

SA 

4 

5.363 

3.1840 

23 

OHIl 

AD 

SV 

1 

0.000 

0.0000 

24 

OHIl 

AD 

SV 

2 

0.000 

0.0000 

25 

OHIl 

AD 

SV 

3 

0.000 

0.0000 

26 

OHIl 

AD 

SV 

4 

0.000 

0.0000 

27 

OHIl 

ADW 

SV 

1 

7.018 

5.7141 

28 

OHIl 

ADW 

SV 

2 

7.214 

5.8736 

29 

OHIl 

ADW 

SV 

3 

6.360 

5.1783 

30 

OHIl 

ADW 

SV 

4 

2.267 

1.8458 

31 

OHIl 

ADW 

CE 

1 

11.444 

4.3418 

32 

OHIl 

ADW 

CE 

2 

9.021 

3.4226 

33 

OHIl 

ADW 

CE 

3 

7.646 

2.9009 

34 

OHIl 

ADW 

CE 

4 

8.210 

3.1149 

35 

OHOl 

WT 

SA 

1 

0.341 

0.1812 

36 

OHOl 

WT 

SA 

2 

5.850 

3.1081 

37 

OHOl 

WT 

SA 

4 

6.070 

3.2250 

38 

OHOl 

AD 

SV 

1 

0.000 

0.0000 

39 

OHOl 

AD 

SV 

2 

0.000 

0.0000 

40 

OHOl 

AD 

SV 

3 

0.000 

0.0000 

41 

OHOl 

AD 

SV 

4 

0.000 

0.0000 

42 

OHOl 

ADW 

SV 

1 

11.361 

9.4024 

43 

OHOl 

ADW 

SV 

2 

10.500 

8.6898 

44 

OHOl 

ADW 

SV 

3 

8.516 

7.0478 

45 

OHOl 

ADW 

SV 

4 

12.555 

10.3905 

46 

OHOl 

ADW 

CE 

1 

9.330 

2.5573 

47 

OHOl 

ADW 

CE 

2 

16.769 

4.5964 

48 

OHOl 

ADW 

CE 

4 

11.299 

3.0970 

Table  E9 

Heavy  Metal  Plant  Tissue  Concentrations 
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Table  ElO 

Mercury  Plant  Tissue  Concentrations 


OAIE:  ?9  4UL  91 


••••••••••••••••••••••••••••••  analytical  laboratory  group  -  DATA  REPORTING  SHEET  (  PAGE  1  Of  3  ) 


JOB  DESCRIPTION:  OAKLAND  INN/OUT  •  R.  PRICE 
CHEN.  PRESERVATIVE: 


JOB  NUMBER:  CQEE038301E000F 
TYPE  Of  SAMPLE:  PLANT  TISSUE 


RECEIPT  DATE:  26  JUN  91 
EST.  COMP.  DATE:  OS  AUG  91 


COLUMN .  1 

ANALYTE .  « 

MC/KG .  HG 


SAMP  «  DESCRIPTION 


13141  URS-WT1S-SA-1  CONC  <0.032 

me  128.0 

OUPL  <0.032 
010  S665120S 


13142  URS-VT15-SA-2  CONC  0.032 

me 

OUPL  <0.032 
010  58651205 


13143  MS-WT15-SA-3  CONC  <0.032 

me 

DUPL  <0.032 
OID  56651205 


13144  URS-UT1S-SA-4  CONC  <0.032 

me 

OUPL 

010  56651205 


13145  URS-AO-SV-1 


13146  URS-AO-SV-2 


CONC  0.032 
XREC 

DUPL  0.032 
010  56651205 


CONC  <0.032 
XREC 

DUPL  <0.032 
OID  56651205 


Mercury 


% 

• 

Table 

ElO  (Continued) 

T 

OB  FILE:  13U1 

(  PAGE  2  OF  3  } 

DATE: 

29  JUL  91 

**»—»***  ANALYTICAL 

LABORATORY  GROUP  - 

DATA  REPORTING  SHEET 

JOB  OESCItIPTION: 

OAKLAND  INN/OUT  •  R. 

PRICE 

JOB  NUMBER: 

CQEED3B30IEOOOF 

RECEIPT  DATE: 

2S  JUN  91 

'.HEM.  PRESERVATIVE: 

TYPE  OF  SAMPLE: 

PLANT  TISSUE 

EST.  COMP.  DATE: 

OS  AUG  91 

COLUMN... 

1 

ANALYTE.. 

8 

M6/KC.... 

NC 

MMP  « 

DESCRIPTION 

I3U7 

URS-AD-SV-3 

CONC 

0.032 

XREC 

DUPL 

0.032 

OtO 

S66512U3 

3148 

URS-AO-CE-1234 

CONC 

0.032 

»EC 

DUPL 

0.032 

OID 

S665120S 

13149 

MtS-AD-SV-4 

CONC 

<0.027 

XREC 

72.0 

DUPL 

<0.027 

OID 

56651205 

13150 

OAKINNifil^SA- 

CONC 

<0.032 

134 

XREC 

DUPL 

9.032 

OID 

56651205 

13151 

OAKINN-AOW-SV* 

CONC 

<0.032 

1234 

XREC 

DUPL 

<0.032 

OID 

56651205 

3152 

OAKINN-AOU-CE 

CONC 

<0.032 

1234 

XREC 

64.0 

DUPL 

<0.032 

OID 

56651205 

G 


Mercury 


Table  ElO  (Concluded) 


DATE:  29  JUL  91 


*  ' 

JOB  FILE:  13141 


ABALTTICAI  LABOBAIOBY  GBOUP  -  DATA  BEPORTIMG  SHEET  (  PACE  3  OF  3  ) 


JOB  OESCBIPTIOH:  OAKLAMO  IHM/OUT  -  «.  PRICE 
CHEM.  PRESERVATIVE: 


OOLUMM... 

1 

ANALYTE.. 

8 

HG/KG.... 

NC 

SAMP  « 

DESCRIPTION 

13153 

OAlCaUT-WT-SA- 

CONC 

0.045 

1 

124 

XREC 

1 

DUPL 

1 

OID 

56651205 

1 

13154 

OAKOOT-AOW-SV- 

CONC 

<0.032 

12 

XREC 

DUPL 

0.032 

OID 

56651205 

13155 

QAKOUT-AOU-SV- 

CONC 

<0.032 

1 

34 

XREC 

1 

DUPL 

0.043 

1 

010 

56651205 

1 

13156 

OAKOUT-ADU-CE- 

CONC 

<0.032 

1 

124 

XREC 

1 

DUPL 

0.032 

1 

010 

56651205 

1 

M  MJHBER: 
TYPE  OF  SAMPLE: 


COEED3a301E000F 
PLAMT  TISSUE 


receipt  DATE:  28  JOB  91 
EST.  COMP.  DATE:  OS  AUC  91 


ROU 

13 


14 


15 


16 


HG 


Mercury 
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(cl#  344) 

10/24/91 
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•  Not  detected,  reported  ae  MDL 

•  Value  below  MDL 


BUTYLTIN  CONCENTRATIONS  IN  PLANTS 

{cl#  344) 

(Concentrations  In  ug/kg  wet  wt.) 


APPENDIX  F;  ANIMAL  TEST 


KEY 


Oakland  Outer  Sediment,  Upland 
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•  Detection  confirmed  on  second  cc 
-  Surrogate  Recovery  out  of  range 
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1.  Page  36  (Table  II-4) ,  page  37  (Table  II-5) ,  and  page  39 
(Table  II-7) : 

Change  primary  column  heading  "Concentrations  ;  g/kg  dry 
weight"  to  read; 

Concentrations  M9/kg  dry  weight 

2.  Page  68  (Table  IV-3,  Concluded); 

Change  primary  column  heading  ("Inner  Sediment")  to  read; 

Table  IV-3  (Concluded) 

_ Outer  Sediment _ 

(Headings  on  first  page  of  Table  IV-3,  page  67,  remain 
unchanged . ) 

3.  Page  96  (Table  V-8) ; 

Replace  this  page  with  the  enclosed,  corrected  page. 
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standard  error  in  parentheses. 


